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MARINER MARS 1971  LAUNCHES 

The e i g h t h  and n i n t h  i n  t h e  Mar ine r  s e r i e s  of spacecraft 

a r e  b e i n g  p r e p a r e d  a t  Cape Kennedy, FL, f o r  t h e  N a t i o n a l  

A e r o n a u t i c s  and Space A d m i n i s t r a t i o n ' s  f i r s t  a t t e m p t  t o  

o r b i t  a n o t h e r  p l a n e t  - Mars. 

Mar ine r  H h a s  been  mated t o  A t l a s - C e n t a u r  2 4  and is 

a w a i t i n g  a  l a u n c h  window no e a r l i e r  t h a n  9 :29  p.m. EDT, May 

7 .  Mar ine r  I w i l l  be  mated t o  A t l a s - C e n t a u r  23 a f t e r  A C - 2 4  

l i f t s - o f f ,  f o r  l a u n c h  no e a r l i e r  t h a n  7 :57  p.m. EDT, May 1 7 .  

A r r i v a l  d a t e s  a t  Mars w i l l  be Nov. 1 4  and 2 4 ,  when each 

s p a c e c r a f t  w i l l  b e g i n  a b a s i c  m i s s i o n  o f  90 days  i n  orbit 

around t h e  p l a n e t .  I f  one o r  b o t h  s p a c e c r a f t  s u r v i v e  that 

p e r i o d ,  an e x t e n d e d  m i s s i o n  t o  l a s t  up t o  one y e a r  i s  being 

c o n s i d e r e d .  



The o b j e c t i v e s  o f  t h e  Mar ine r s  a r e  t o  s t u d y  t h e  s u r -  

f a c e  and a tmosphere  o f  Mars i n  d e t a i l  and o v e r  a p e r i o d  o f  

t i m e ,  t o  p r o v i d e  a b r o a d  p i c t u r e  o f  t h e  h i s t o r y  o f  t h e  p l a n e t  

and n a t u r a l  p r o c e s s e s  c u r r e n t l y  s h a p i n g  t h e  M a r t i a n  envi ronment  

To accompl i sh  t h e s e , o n e  s p a c e c r a f t  w i l l  map 7 0 %  o f  t h e  

p l a n e t  and t h e  o t h e r  w i l l  r e p e a t e d l y  s t u d y  s e l e c t e d  a r e a s  on 

Mars t o  o b s e r v e  changes on t h e  s u r f a c e  and i n  t h e  a tmosphere ,  

R e c u r r i n g  phenomena such  as d u s t  s t o r m s ,  c l o u d s  and s e a s o n a l  

changes i n  t h e  appea rance  o f  t h e  p l a n e t ' s  s u r f a c e  have been 

obse rved  on Mars. The o r b i t a l  m i s s i o n s  w i l l  a l l o w  s c i e n t i s t s  

t o  s t u d y  t h e s e  phenomena d a i l y  a t  c l o s e  r a n g e .  

The Mar ine r s  w i l l  c a r r y  i d e n t i c a l  p a y l o a d s  o f  i n s t r u m e n t s  

t o  a l l o w  e a c h  s p a c e c r a f t  t o  conduct  s i x  s c i e n t i f i c  i n v e s t i g a -  

t i o n s :  

- M a r t i a n  topography and v a r i a b l e  f e a t u r e s  w i t h  two 

t e l e v i s i o n  cameras ,  one w i t h  a wide-angle l e n s  and one w i t h  a 

t e l e p h o t o  l e n s ;  

- s u r f a c e  t e m p e r a t u r e  measurements  w i t h  an i n f r a r e d  

r a d i o m e t e r ;  

- compos i t ion  and s t r u c t u r e  o f  t h e  a tmosphere  w i t h  an 

u l t r a v i o l e t  s p e c t r o m e t e r ;  

- s t u d i e s  of  t h e  p l a n e t ' s  s u r f a c e  and compos i t ion  and 

t e m p e r a t u r e  o f  i t s  a tmosphere  w i t h  an i n f r a r e d  i n t e r f e r o m e t e r  

s p e c t r o m e t e r ;  

- a t m o s p h e r i c  p r e s s u r e  and s t r u c t u r e  w i t h  an S-Band 

o c c u l t a t i o n  e x p e r i m e n t ;  



- and a more a c c u r a t e  d e s c r i p t i o n  o f  Mars1 g r a v i t y  

f i e l d  and t h e  o r b i t s  o f  i t s  two moons, and  an improved 

ephemer i s  o f  Mars ( i t s  p o s i t i o n  i n  i t s  s o l a r  o r b i t  a t  a 

g i v e n  t i m e ) .  

The l a t t e r  two e x p e r i m e n t s  i n v o l v e  measurements  o f  t h e  

M a r i n e r s 1  r a d i o  s i g n a l s  back  t o  E a r t h  and do n o t  r e q u i r e  

s p e c i a l  i n s t r u m e n t s  on t h e  s p a c e c r a f t .  

The s c i e n t i f i c  e x p e r i m e n t s  have been  teamed t o g e t h e r  t o  

p r o v i d e  a maximum o f  c o r r e l a t i o n  o f  t h e  d a t a  t h e y  g a t h e r ,  The 

t h r e e i n s t r u m e n t s  on t h e  s c a n  p l a t f o r m ,  f o r  i n s t a n c e ,  a r e  

b o r e - s i g h t e d  w i t h  t h e  t e l e v i s i o n  cameras s o  t h a t  t h e  photo-  

g raphy  can  be c o r r e l a t e d  w i t h  measurements  o f  t h e  M a r t i a n  

a t m o s p h e r i c  and s u r f a c e  c h a r a c t e r i s t i c s .  

The two M a r i n e r s  w i l l  work a s  a team p e r f o r m i n g  d i f f e r e n t  

b u t  complementary m i s s i o n s .  Mar ine r  H h a s  been  a s s i g n e d  

Miss ion  A ,  a mapping m i s s i o n .  Mar ine r  I h a s  been a s s i g n e d  

Miss ion  B ,  a v a r i a b l e  f e a t u r e s  s t u d y .  I f  one s p a c e c r a f t  

f a i l s  a t  any t ime  up t o  f i v e  days  b e f o r e  o r b i t a l  i n s e r t i o n ,  

t h e  m i s s i o n  o f  t h e  second  s p a c e c r a f t  w i l l  be r e v i s e d  t o  per- 

form s i g n i f i c a n t  p a r t s  o f  b o t h  m i s s i o n s .  

Mar ine r  H (Miss ion  A ,  mapping) w i l l  o r b i t  Mars once e a c h  

1 2  h o u r s ,  i n c l i n e d  80 d e g r e e s  t o  t h e  M a r t i a n  e q u a t o r ,  wich a 

10,000-mile  ( 1 7 , 3 0 0 - k i l o m e t e r )  h i g h  p o i n t  i n  t h e  o r b i t  ( a p o a p s i s )  

and a 750-mile ( 1 , 2 5 0 - k i l o m e t e r )  low p o i n t  ( p e r i a p s i s ) .  



Mar ine r  I (Miss ion  B ,  v a r i a b l e  f e a t u r e s )  w i l l  o r b i t  

i n  20 and one h a l f  h o u r s ,  i n c l i n e d  50 d e g r e e s ,  w i t h  an 

a p o a p s i s  o f  20,500 m i l e s  (28,600 k i l o m e t e r s )  and p e r i a p s i s  

o f  530 m i l e s  (850 k i l o m e t e r s ) .  T h i s  o r b i t  w i l l  a l l o w  t h e  

s p a c e c r a f t  t o  o b s e r v e  s e l e c t e d  a r e a s  o f  Mars r e p e a t e d l y  

e v e r y  f i v e  days  o r  s i x  o r b i t s .  

The s p a c e c r a f t  w i l l  e a c h  weigh a p p r o x i m a t e l y  2 , 2 0 0  

pounds (1 ,000  k i l o g r a m s )  a t  l a u n c h ,  w i t h  a b o u t  1 , 0 0 0  pounds 

(454 k i l o g r a m s )  o f  f u e l  f o r  t h e  300-pound t h r u s t  r e t r o e n g i n e .  

A f t e r  i n j e c t i o n  i n t o  Mars o r b i t ,  t h e  s p a c e c r a f t  w i l l  weigh 

a p p r o x i m a t e l y  1 ,200  pounds (544 k i l o g r a m s ) .  

O r b i t  i n s e r t i o n  w i l l  r e q u i r e  abou t  a  14-minute burn  o f  t h e  

r e t r o e n g i n e  s l o w i n g  t h e  s p a c e c r a f t  by abou t  3 ,250 mi le s -pe r -  

hour  (1,450 me te r s -pe r - second) .  The s p a c e c r a f t  v e l o c i t y  

r e l a t i v e  t o  Mars p r i o r  t o  t h e  b u r n  w i l l  be a b o u t  11,000 

mph (4 ,920  m/sec ) .  

The l a u n c h e s  w i l l  be d i r e c t  a s c e n t  w i t h o u t  a  p a r k i n g  

o r b i t .  The l a u n c h  a iming  p o i n t  w i l l  be a t  such  a  d i s t a n c e  

f rom Mars as t o  i n s u r e  t h a t  ne i the- - .  s p a c e c r a f t  n o r  t h e  Centaur  

second s t a g e  w i l l  impact  Mars i n  t h e  e v e n t  o f  l o s s  o f  c o n t r o l  

d u r i n g  t h e  l a u n c h  p h a s e s .  The o r b i t s  o f  t h e  two s p a c e c r a f t  

a r e  d e s i g n e d  t o  g u a r a n t e e  t h a t  t h e *  w i l l  n o t  impact  Mars 

f o r  a t  l e a s t  1 7  y e a r s ,  t o  a v o i d  c o ~  t a m i n a t i o n  o f  t h e  p l a n e t  

b e f o r e  s t u d i e s  a r e  conduc ted  on t h e  s u r f a c e  by l a n d i n g  space -  

c r a f t .  -more- 



Fol lowing  s u c c e s s f u l  i n j e c t i o n  i n t o  s o l a r  o r b i t ,  two 

midcourse  maneuvers may be  per formed t o  c o r r e c t  t h e  t r a -  

j e c t o r y  and r e f i n e  t h e  a iming  p o i n t .  l 'he r e t r o e n g i n e  wil: 

be used  f o r  midcourse  maneuvers .  

The a c c u r a c y  r e q u i r e d  t o  o r b i t  Mars i s  unpreceden ted  

i n  a f l i g h t  i n t o  deep s p a c e .  The a iming  zone a t  t h e  end 

o f  t h e  287-mi l l ion-mi le  ( 4 6 2 - m i l l i o n - k i l o m e t e r )  f l i g h t  i s  an 

a r e a  abou t  435 m i l e s  (1 ,165  k i l o m e t e r s )  s q u a r e .  

A f t e r  i n s e r t i o n  i n t o  Mars o r b i t ,  t h e  s p a c e c r a f t  w i l l  s e  

t r a c k e d  f o r  a s u f f i c i e n t  p e r i o d  t o  d e t e r m i n e  t h e  o r b i t a l  

c o r r e c t i o n s  ( t r i m s )  r e q u i r e d  t o  y i e l d  p r e c i s e  o r b i t s .  The 

t r i m s  w i l l  be p r o v i d e d  by t h e  r e t r o e n g i n e .  

The maximum d a t a  t r a n s m i s s i o n  r a t e  w i l l  be 1 6 , 2 0 3  b i t s -  

per -second when t h e  s p a c e c r a f t  can t r a n s m i t  t o  t h e  s e n s i t i v e  

210-foot  (64-meter )  a n t e n n a  a t  t h e  Golds tone  s t a t i o n  o f  t h e  

Deep Space Network i n  t h e  C a l i f o r n i a  Mojave D e s e r t .  O t n e r  

s t a t i o n s  w i l l  r e c e i v e  a t  a maximum r a t e  o f  2 ,025 b i t s - p e r -  

s econd .  

NASA's O f f i c e  o f  Space S c i e n c e  and A p p l i c a t i o n s  a s s i g ~ e d  

p r o j e c t  r e s p o n s i b i l i t y  i n c l u d i n g  m i s s i o n  o p e r a t i o n s  end t r a c k -  

i n g  and d a t a  a c q u i s i t i o n  t o  t h e  J e t  P r o p u l s i o n  Labora'sory 

managed by t h e  C a l i f o r n i a  I n s t i t u t e  o f  Technology.  The 

l a u n c h  v e h i c l e  i s  t h e  r e s p o n s i b i l i t y  o f  t h e  Lewis Research  

C e n t e r ,  C l e v e l a n d .  The c o n t r a c t o r  t o  Lewis i s  Genera l  3 j r A a n l t s /  

Conva i r ,  San Diego.  
-more- 



T r a c k i n g  and communicat ions i s  a s s i g n e d  t o  t h e  Deep 

Space Net o p e r a t e d  by JPL f o r  NASA's O f f i c e  o f  T r a c k i n g  

and Data A c q u i s i t i o n .  

Cos t  o f  t h e  b a s i c  90-day Mar ine r  Mars "71 m i s s i o n  i s  

$129 m i l l i o n ,  e x c l u s i v e  o f  l a u n c h  v e h i c l e s  and d a t a  

a c q u i s i t i o n ,  

(END OF GENERAL RELEASE; BACKGROUND INFORMATION FOLLOWS) 



MISSION CAPSULE 

Two Mar ine r  s p a c e c r a f t  t o  b e  l a u n c h e d  t o  Mars i n  May, 
1971.  

A r r i v e  Mars on November 1 4  and 24, 1971.  F l i g h t  t i m e  
a p p r o x i m a t e l y  190-days.  D i s t a n c e  t r a v e l l e d ,  287 m i l l i o n  
m i l e s  (462 m i l l i o n  k i l o m e t e r s ) .  

M i s s i o n  - t o  o r b i t  Mars f o r  90-days.  

S p a c e c r a f t  l a u n c h  we igh t  2,200 l b s .  (1 ,000 k g . ) .  Neight  
i n  o r b i t ,  1 ,200  l b s .  (544 k g . ) .  

Launch v e h i c l e ,  A t l a s / C e n t a u r .  D i r e c t  a s c e n t  l a u n c h ,  

Exper iments  : 

1. Two t e l e v i s i o n  cameras ,  one nar row a n g l s  and 
one wide a n g l e .  

2 .  I n f r a r e d  r a d i o m e t e r .  

3 .  U l t r a v i o l e t  s p e c t r o m e t e r .  

4 .  I n f r a r e d  i n t e r f e r o m e t e r  s p e c t r o m e t e r .  

5 .  C e l e s t i a l  mechanics .  

6 .  O c c u l t a t i o n .  The l a t t e r  two e x p e r i m e n t s  do 
n o t  r e q u i r e  s p e c i a l  i n s t r u m e n t s .  

MARINER H - Map 70% of  Mars a t  medium r e s o l u t i o n  and 
MISSION - A p r o v i d e  5% coverage  a t  h i g h  r e s o l u t i o n .  

MARINER I - Study s u r f a c e  f e a t u r e s  and a tmosphere  a s  
MISSION - B t h e y  change i n  t i m e .  

MARINER H - 10,000 m i l e s  (17,256 k i l o m e t e r s )  a p o a p s i s  t o  
A ORBIT - 750 m i l e s  (1,250 k i l o m e t e r s )  p e r i a p s i s .  I n -  

c l i n a t i o n ,  80 d e g r e e s .  P e r i o d  i s  12  h o u r s ,  

MARINER I 20,500 m i l e s  (28 ,579 k i l o m e t e r )  a p o a p s i s  t o  

B ORBIT 
- 530 m i l e s  (850 k i l o m e t e r )  p e r i a p s i s .  Incli- 

- n a t i o n ,  50 d e g r e e s .  P e r i o d  i s  20 1 /2  h o u r s ,  
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MARINER PLANETARY MISSIONS 

- -1 - -  I- - - 

'71 MARS ORBITERS 

Maximurn 154 (248) 
Communication 
Distance 
million miles 
(million kilometers) 

I MARINERS 6 & 7 / MARINER 5 
'69MARS 1'67VENUS 
(FLY-BY) j (FLY-BY) 1 -- - -- \ 

Maximum Data 16,200 bits per second 16,200 bps 33 113 bps , 33 1/3 bps 1 33 1/3 bps 
Transmission 
Rates 

I 

2 m- -. - 
3 
rD 
I 

NOTE: The Mariner 1 and 3 missions were unsuccessful 
because of launch vehicle failures. 



NER AIMING ZONES 
48,000 MI. 



MISSIONS 

There  a r e  two m i s s i o n s  t o  be  per formed a t  Mars each  
w i t h  s p e c i f i c  o b j e c t i v e s  and a s p e c i f i c  o r b i t .  Should o r e  
Mar ine r  s p a c e c r a f t  f a i l ,  t h e  o t h e r  w i l l  combine a s  many o f  
t h e  o b j e c t i v e s  of b o t h  m i s s i o n s  as p o s s i b l e .  

Mar ine r  - H - Mapping M i s s i o n  & 

The o b j e c t i v e  o f  t h i s  m i s s i o n  i s  t o  map 70 p e r  cen t  
of Mars a t  a r e s o l u t i o n  of  3,280 f e e t  (1 ,000 m e t e r s ) .  
High r e s o l u t i o n  pho tographs  a t  a  r e s o l u t i o n  of 328  pee^ 

(100 m e t e r s ) ,  n e s t i n g  i n s i d e  t h e  wide-angle  p h o t o g r a p h s ,  
w i l l  c o v e r  5 p e r  c e n t  of  t h e  s u r f a c e .  

The o r b i t a l  p e r i o d  f o r  t h e  mapping m i s s i o n  w i l l  be 
f i x e d  a t  1 2  h o u r s .  T h i s  w i l l  a l l o w  t w i c e - d a i l y  o b s e r v a t i o n s  
n e a r  p e r i a p s i s  e a c h  w i t h  a  subsequen t  t r a n s m i s s i o n  o f  
r e c o r d e d  d a t a  a t  t h e  h i g h  b i t  r a t e  o f  16 ,200 b i t s  p e r  
second t o  t h e  210-foot  (64-meter)  an tenna  of t h e  Deep 
Space Network a t  Go lds tone .  

Fo l lowing  i n s e r t i o n  i n t o  o r b i t ,  t h e  s p a c e c r a f t  w i l l .  
be  t r a c k e d  f o r  a s u f f i c i e n t  p e r i o d  t o  a l l o w  c a l c u l a t i o n  o f  
r e q u i r e d  t r imming o f  t h e  o r b i t  t o  s e c u r e  t h e  p r e c i s e  orrPt 
d e s i r e d .  

I n  a  t y p i c a l  o r b i t  t h e  s p a c e c r a f t  w i l l :  

1. Playback d a t a  i n  i t s  t a p e  r e c o r d e r  ( t h i s  
r e q u i r e s  t h r e e  h o u r s )  t a k e n  on t h e  p r e v i o u s  o r b i t ,  

2 .  Take TV, i n f r a r e d  and u l t r a v i o l e t  d a t a  f o r  
s t o r a g e  on t h e  t a p e  r e c o r d e r  ( I R  and UV d a t a  i s  a l s o  
t r a n s m i t t e d  i n  r e a l  t i m e  a t  8,000 b i t s  p e r  second whefi 
t h e  l a r g e  Golds tone  a n t e n n a  can  be  u s e d ) ;  

3 .  E n t e r  t h e  o c c u l t a t i o n  zone s h o r t l y  a f t e r  t h e  
r e c o r d e r  i s  f i l l e d ;  

4 .  Fo l lowing  o c c u l t a t i o n ,  t h e  s p a c e c r a f t  w i l l  
s t i l l  be i n  view of Go lds tone  and t h e  r e c o r d e d  d a t z  i s  
t r a n s m i t t e d .  

On t h e  n e x t  o r b i t ,  Go lds tone  i s  n o t  i n  view.  The 
r e c o r d e r  i s  f i l l e d  a g a i n  and t h e  i?ata h e l d  u n t i l  t h e  
f o l l o w i n g  o r b i t .  

- more -- 





Because t h e  o r b i t a l  p e r i o d  i s  12  h o u r s  and t h e  r o t a t i o n  
r a t e  of  Mars i s  abou t  24 h o u r s  37 m i n u t e s ,  t h e  p l a n e t  w i l l  
r o t a t e  s l i g h t l y  l e s s  t h a n  180 d e g r e e s  p e r  s p a c e c r a f t  o r b i t .  
Mapping c o v e r a g e ,  t h e r e f o r e ,  w i l l  a l t e r n a t e  from one s i d e  of' 
t h e  p l a n e t  t o  t h e  o t h e r .  A comple te  mapping c i r c u i t  a.rou.nd 
Mars w i l l  be  comple ted  i n  about  20 d a y s .  A f t e r  9 0  d a y s ,  t h e  
a r e a  between -60 and + 4 O  d e g r e e s  l a t i t u d e  w i l l  have been 
covered .  

Areas  o f  s p e c i f i c  i n t e r e s t  can  b e  re-examined e v e r y  
20 days  w i t h  t h e  f u l l  a r r a y  of  i n s t r u m e n t s  a l l o w i n g  oppcr-  
t u n i t y  f o r  a d a p t i v e  o p e r a t i o n s ,  making u s e  of p r e v i o u s  
d a t a  t o  p l a n  o p e r a t i o n s .  

A f t e r  90 t o  100 days  i n  o r b i t ,  depend ing  on t h e  a c t u a l  
per formance  of  t h e  h i g h - r a t e  c h a n n e l ,  t h e  i n c r e a s i n g  E a r t h -  
Mars d i s t a n c e  and t h e  s p a c e c r a f t  a n t e n n a  o r i e n t a t i o n  w i l l  
c a u s e  t h e  t a p e  p layback  r a t e  t o  be  dropped t o  8,10C b i t s  p e r  
second ,  even  w i t h  t h e  u s e  o f  t h e  210-foot  (64 -mete r )  a r ~ t e n n a .  
A t  t h a t  t i m e ,  e i t h e r  a  f u l l  t a p e  r e c o r d e r  of  d a t a  w i l l  be 
t a k e n  on e v e r y  o t h e r  o r b i t  o r  h a l f  t h e  amount of d a t a  wi;l be 
t a k e n  on e a c h  o r b i t .  

S e v e r a l  days  l a t e r  d a t a  r a t e s  w i l l  have t o  b e  f u r t h e r  
r e d u c e d ,  as t h e  main l o b e  o f  t h e  s p a c e c r a f t  antenna. beam 
moves away from E a r t h ,  u n t i l  d a t a  r a t e s  o f  4,000 b i t s  o r  
2,000 b i t s  p e r  second s t a b i l i z e  f o r  e x t e n d e d  

Mar ine r  - I - V a r i a b l e  F e a t u r e s  M i s s i o n  B - 

The o b j e c t i v e  o f  t h i s  m i s s i o n  i s  t o  s t u d y  changes cn 
t h e  s u r f a c e  and i n  t h e  a tmosphere  of  Mars o v e r  a  p e r i o d  o f  
t i m e  . 

The p e r i o d  o f  t h e  o r b i t ,  2 0 . 5  h o u r s ,  was s e l e c t e d  t o  
p r o v i d e  r e p e a t e d  s t u d i e s  of  a  s e r i e s  of s i x  a d j a c e n t  s i t e s  
g i r d l i n g  t h e  p l a n e t  i n  f i v e  d a y s .  

The r e l a t i o n s h i p  between t h e  s p a c e c r a f t  o r b i t a l  p e r i o d  
o f  20 1/2 h o u r s  and Mar ' s  r o t a t i o n a l  p e r i o d  of  24 hours  
37 m i n u t e s ,  p l a c e s  t h e  cameras o v e r  t h e  s i x  a d j a c e n t  a r e a s  
i n  s i x  o r b i t s .  Repeat  cove rage  b e g i n s  w i t h  t h e  s e v e n t h  o r b i t  
a t  t h e  b e g i n n i n g  o f  t h e  s i x t h  day .  

The t i m e  r e l a t i o n s h i p  i s  a c h i e v e d  by s e l e c t i n g  a space -  
craft v e l o c i t y  r e s u l t i n g  i n  an  o r b i t  w i t h  a  h i g h  p o i n t  of 
20,000 m i l e s  (28 ,579 k i l o m e t e r s )  and a low p o i n t  of  530 T - i l e s  
(850 k i l o m e t e r s ) .  

- more - 





A t y p i c a l  o r b i t  w i l l  p r o v i d e  f u l l  d i s c  c o v e r a g e ,  high 
Sun a n g l e  photography f o r  a l b e d o  s t u d i e s ,  low and h i g h  
r e s o l u t i o n  s t u d i e s  by t h e  i n f r a r e d  and u l t r a v i o l e t  i n s t r u -  
men t s ,  E a r t h  o c c u l t a t i o n ,  and d a r k  s i d e  UV and I R  d a t a ,  

The two moons of Mars, Phobos and Deimos, may be mapped 
by t h e  t e l e v i s i o n  exper iment  and p robed  by t h e  i n f r a r e d  and 
u l t r a v i o l e t  e x p e r i m e n t s .  

O b s e r v a t i o n s  o f  s t a r f i e l d s  and S a t u r n  a l s o  may be  used 
t o  c a l i b r a t e  t h e  cameras .  

It i s  p l a n n e d ,  when p o s s i b l e ,  t o  u s e  an  a d a p t i v e  mode 
i n  p l a n n i n g  s c i e n c e  o p e r a t i o n s  f rom o r b i t .  I n  t h i s  mode, 
a n  i n t e r e s t i n g  f e a t u r e  s e e n  i n  p r e v i o u s  pho tographs  can  b e  
s p e c i f i c a l l y  re-examined i n  subsequen t  p a s s e s  t h a t  cove r  
t h a t  a r e a .  It i s  a l s o  p o s s i b l e ,  depend in6  on t h e  amount 
of f u e l  r e m a i n i n g  a f t e r  a t t a i n i n g  o r b i t ,  t o  change a 
s p a c e c r a f t  o r b i t  t o  r e p e a t e d l y  c o v e r  a n  a r e a  of u n u s u a l  
a c t i v i t y  o r  s i g n i f i c a n c e .  

- more - 



MARINER SPACECRAFT 

The Mar ine r  Mars 1971  s p a c e c r a f t  were d e s i g n e d ,  
assembled  and t e s t e d  by t h e  J e t  P r o p u l s i o n  L a b o r a t o r y ,  
Pasadena .  I n d u s t r i a l  c o n t r a c t o r s  p r o v i d e d  t h e  d e t a i l e d .  
d e s i g n  and f a b r i c a t i o n  o f  most of  t h e  subsys tems .  Componeri~ 
p a r t s  were p r o v i d e d  by hundreds  o f  m a n u f a c t u r e r s  and s u p ; l f ? r s ,  

Des ign  o f  t h e  s p a c e c r a f t  i s  b a s e d  on c o n t i n u i n g  Mariner 
t e c h n o l o g y  and on t h e  1969 Mar ine r  6  and 7  s p a c e c r a f t  i n  
p a r t i c u l a r .  

Mar ine r  s b a s i c  s t r u c t u r e  i s  a 40-pound ( 1 8 . 1 5  lIci13grban^i) 
rap.,, ' e i g h t - s i d e d  f o r g e d  magnesium framework w i t h  e i g h t  e l e c t s  .J-ALc E 

compartments .  The compartments  t h e m s e l v e s  p r o v i d e  s t - ? u c $ ~ r a l  
s u p p o r t  t o  t h e  s p a c e c r a f t .  

Four  s o l a r  p a n e l s ,  e a c h  84 1 /2  i n c h e s  ( 2 . 1 4  m e t e r s )  long 
and 35 1 /2  i n c h e s  ( 0 . 9 0 2  m e t e r s )  wide ,  a r e  a t t a c h e d  b y  ou%- 
r i g g e r  s t r u c t u r e s  t o  t h e  t o p  o r  sunward s i d e  o f  t h e  o c t a g o n ,  
Each p a n e l  h a s  a s o l a r  c e l l  a r e a  20 .7  f e e t  ( 1 . 9 2  m e t e r s )  square, 
o r  a t o t a l  c e l l  s u r f a c e  o f  a p p r o x i m a t e l y  83 s q u a r e  f e e t  i7*8 
s q u a r e  m e t e r s )  f o r  e a c h  s p a c e c r a f t .  

Two s e t s  o f  a t t i t u d e  c o n t r o l  j e t s  c o n s i s t i n g  o f  s i x  , e t s  
e a c h ,  which s t a b i l i z e  t h e  s p a c e c r a f t  on t h r e e  a x e s ,  a r e  ~ounted 
a t  t h e  t i p s  o f  t h e  f o u r  s o l a r  p a n e l s .  T i t a n i u m  b o t t l e s  @or- 
t a i n i n g  t h e  n i t r o g e n  g a s  s u p p l y  f o r  M a r i n e r ' s  d u a l  a t r i t a d e  
c o n t r o l  g a s  sys t em and r e g u l a t o r s  f o r  t h e  sys t ems  a r e  n?03r\ted 
on t h e  t o p  r i n g  o f  t h e  o c t a g o n .  

Two s p h e r i c a l  p r o p e l l a n t  t a n k s  f o r  t h e  l i q u i d - f u e l e d  
r o c k e t  e n g i n e  a r e '  mounted s i d e  by s i d e  a t o p  t h e  o c t a g o n a l  
s t r u c t u r e  w i t h  t h e  r o c k e t  n o z z l e  p r o t r u d i n g  between t h e  t a z k s ,  
The t i t a n i u m  t a n k s  a r e  30 i n c h e s  (0 .762 m e t e r s )  i n  d i a m e t e r ,  

The t w o - p o s i t i o n  h i g h - g a i n  a n t e n n a  i s  a t t a c h e d  t o  t n e  
s p a c e c r a f t  by a s u p e r s t r u c t u r e  a t o p  t h e  o c t a g o n .  I t s  aluminum 
honeycomb d i s h  r e f l e c t o r  i s  c i r c u l a r ,  40 i n c h e s  ( l r 0 2  m e t e r s )  
i n  d i a m e t e r ,  and i s  p a r a b o l i c  i n  c r o s s - s e c t i o n .  The a n t e n c a  
f e e d  i s  s u p p o r t e d  a t  t h e  f o c u s  o f  t h e  p a r a b o l a  by a I Y b e r g l a s s  
t r u s s .  The two-pos i t ion  c a p a b i l i t y  a l l o w s  t h e  E a r t h  t o  b e  
c e n t e r e d  i n  t h e  a n t e n n a  beam d u r i n g  b o t h  p r e - o r b i t  and t h e  
o r b i t a l  p e r i o d s  o f  t h e  m i s s i o n .  

The low-gain o m n i d i r e c t i o n a l  a n t e n n a  i s  mounted a t  t h e  
t o p  o f  a  c i r c u l a r  aluminum t u b e ,  f o u r  i n c h e s  ( 1 0 . 2  c e n t i m e t e r s )  
i n  d i a m e t e r  and e x t e n d i n g  v e r t i c a l l y  57 i n c h e s  ( 1 . 4 5  m e t e r s )  
f rom t h e  t o p  o f  t h e  o c t a g o n a l  s t r u c t u r e .  The t u b e  a c t s  as a 
waveguide f o r  t h e  a n t e n n a .  
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A horn-shaped medium-gain a n t e n n a  i s  mounted on a 
s o l a r  p a n e l  o u t r i g g e r  s o  t h a t  i t  i s  p o i n t e d  toward E a r t h  
d u r i n g  s p a c e c r a f t  i n s e r t i o n  i n t o  Mars o r b i t .  

The Canopus s t a r  t r a c k e r  assembly  i s  l o c a t e d  on t h e  
upper  r i n g  s t r u c t u r e  o f  t h e  oc tagon  f o r  a c l e a r  f i e l d  of  
view between two s o l a r  p a n e l s .  The c r u i s e  Sun s e n s o r  ar.d 
Sun g a t e  a r e  a t t a c h e d  t o  a s o l a r  p a n e l  o u t r i g g e r .  

The e i g h t  e l e c t r o n i c s  compartments g i r d l i n g  t h e  space -  
c r a f t  house t h e  f o l l o w i n g :  Bay 1, power r e g u l a t o r s ;  B a y  2 ,  
power c o n v e r s i o n  equipment ,  s c a n  c o n t r o l  and IRIS e l e c t r ~ ~ i c s ;  
Bay 3 ,  C e n t r a l  C3mputer and Sequence r  and a t t i t u d e  c o n t r o l  
sub-system; Bay 4, f l i g h t  t e l e m e t r y  and command subsys tems ;  
Bay 5 ,  t a p e  r e c o r d e r ;  Bay 6 ,  r a d i o  r e c e i v e r  and t r a n s m L t t e r s ;  
Bay 7 ,  t e l e v i s i o n  e l e c t r o n i c s  and d a t a  au tomat ion  su.bsystem; 
Bay 8 ,  s p a c e c r a f t  b a t t e r y .  

S i x  o f  t h e  e l e c t r o n i c s  compartments  a r e  t e m p e r a t u r e  cop- 
t r o l l e d  by l i g h t w e i g h t  l o u v e r  a s s e m b l i e s  on t h e  o u t e r  s u r f a c e s ,  
The o c t a g o n ' s  i n t e r i o r  i s  i n s u l a t e d  by m u l t i l a y e r  f ' a b r l c  
t h e r m a l  b l a n k e t s  a t  b o t h  t o p  and bot tom of t h e  s t r u c t u r e ,  

To a v o i d  p u n c t u r e  of t h e  p r o p e l l a n t  t a n k s  by micro-, 
m e t e o r o i d s ,  t h e  o u t e r  l a y e r  o f  t h e  t o p  t h e r m a l  b l a n k e t  i s  
c o n s t r u c t e d  o f  a t igh t ly -woven  f i b e r g l a s s  c l o t h  ( A ~ m a l o n )  
d e s i g n e d  t o  b r e a k  up s t r i k i n g  p a r t i c l e s ,  

The M a r i n e r s  w i l l  c a r r y  s c i e n c e  i n s t r u m e n t a t i o ~  f o r  Pour  
p l a n e t a r y  e x p e r i m e n t s .  Two a d d i t i o n a l  e x p e r i m e n t s - - s p a c e c r a f t  
o c c u l t a t i o n  by Mars and c e l e s t i a l  mechan ics - - r equ i re  o n l y  t h e  
s p a c e c r a f t  communicat ions s y s t e m  as t h e  s o u r c e  o f  t h e i r  Cats* 

Two t e l e v i s i o n  cameras ,  an i n f r a r e d  i n t e r f e r o m e t e r  
s p e c t r o m e t e r  ( I R I S ) ,  u l t r a v i o l e t  s p e c t r o m e t e r  (UVS) and 
i n f r a r e d  r a d i o m e t e r  (IRR) a r e  mounted on a motc r -d r iven  two- 
degree-of-freedom s c a n  p l a t f o r m  on t h e  bo t tom o r  shaded s i d e  
o f  t h e  o c t a g o n .  T o t a l  r o t a t i n g  we igh t  o f  t h e  p l a t f o r m  
mechanism and i t s  s c i e n c e  i n s t r u m e n t  pay load  i s  1 8 1  pou-nds 
(82 .2  k i l o g r a m s ) .  

Each Mar iner  weighs 1 ,200  pounds ( 5 4 4  k i l o g r a m s )  u n f u e l e e  
and measures  7  1/2 f e e t  ( 2 . 2 9  m e t e r s )  f rom t h e  s c a n  p l a t f o r m  
t o  t h e  t o p  o f  t h e  low-gain a n t e n n a  and r o c k e t  n o z z l e ,  With 
s o l a r  p a n e l s  dep loyed ,  t h e  s p a c e c r a f t  s p a n s  22 f e e t ,  7 1 1 2  
i n c h e s  ( 4 . 3 5  m e t e r s ) .  The o c t a g o n a l  s t r u c t u r e  measures  54 1 / 2  
i n c h e s  (1 .39  m e t e r s )  d i a g o n a l l y  and 1 8  i n c h e s  (0 .457 m e t e r s )  
i n  d e p t h .  

Launch w e i g h t ,  i n c l u d i n g  1 ,000  pounds (454 k i l o g r a m s )  o f  
r o c k e t  f u e l  and o x i d i z e r ,  i s  more t h a n  2,200 pounds (1,030 k i l o -  
grams ) . 





Data Automation Subsystem 

The f i v e  s c i e n c e  i n s t r u m e n t s  on t h e  s p a c e c r a f t  a r e  
� on trolled and s y n c h r o n i z e d  by t h e  Data Automation Sub- 
sys t em (DAS) and d a t a  f rom t h e  i n s t r u m e n t s  a r e  c o n v e r t e d  
by t h e  DAS i n t o  d i g i t a l  form f o r  t r a n s m i t t a l  t o  E a r t h ,  

The e x p e r i m e n t s  c o n t r o l l e d  by t h e  DAS a r e  t e l e v i s i o n ,  
i n f r a r e d  r a d i o m e t e r ,  i n f r a r e d  i n t e r f e r o m e t e r  s p e c t r o m e t e r  
and u l t r a v i o l e t  s p e c t r o m e t e r .  The S-band o c c u l t a t i o n  
exper imen t  and  t h e  c e l e s t i a l  mechanics  expe r imen t  do n o t  
r e q u i r e  s p e c i a l  equipment  aboa rd  t h e  s p a c e c r a f t  and a r e  n o t  
c o n t r o l l e d  by t h e  DAS. 

The DAS c o n t r o l s  i n s t r u m e n t  s e q u e n c i n g ,  accumula te s  
v a r i e d  s c i e n c e  d a t a ,  r e d u c e s  them t o  a common d i g i t a l  form 
and common r a t e  and t h e n  f e e d s  t h e  d a t a  t o  t h e  t a p e  r e c o r d e r  
o r  t o  t h e  s e l e c t e d  s c i e n c e  t e l e m e t r y  channe l  a t  p r o p e r  i n t e r -  
v a l s  f o r  t r a n s m i s s i o n  t o  E a r t h .  

A t t i t u d e  C o n t r o l  

S t a b i l i z a t i o n  o f  t h e  s p a c e c r a f t  i s  p r o v i d e d  by a sys t em 
o f  1 2  c o l d  gas  j e t s  mounted a t  t h e  o u t e r  ends  o f  t h e  f o u r  
s o l a r  p a n e l s .  The j e t s  a r e  l i n k e d  by l o g i c  c i r c u i t r y  t o  
t h r e e  g y r o s c o p e s  (one  g y r o  f o r  e a c h  o f  t h e  s p a c e c r a f t ' s  t h r e e  
a x e s ) ,  t o  t h e  Canopus s e n s o r  and Sun s e n s o r s .  

The g a s  sys t em i s  d i v i d e d  i n t o  two s e t s  o f  s i x  j e t s ,  
e a c h  s e t  comple te  w i t h  i t s  own g a s  s u p p l y ,  r e g u l a t o r s ,  l i n e s  
and v a l v e s  s o  t h a t  a  l e a k  o r  v a l v e  f a i l u r e  w i l l  n o t  d e p l e t e  
t h e  g a s  and j e o p a r d i z e  t h e  m i s s i o n .  Each sys t em i s  f e d  b y  a 
t i t a n i u m  b o t t l e  c o n t a i n i n g  n i t r o g e n  g a s  p r e s s u r i z e d  a t  2 , 5 0 0  
pounds-per-square- inch (175 .7  kilograms-per-square-centime-tex")* 
Normally,  b o t h  s e t s  w i l l  o p e r a t e  d u r i n g  t h e  m i s s i o n .  E i t h e r  
sys t em can s u p p o r t  t h e  e n t i r e  f l i g h t  i n  t h e  e v e n t  o f  a f a i l u r e  
i n  t h e  o t h e r .  

The Sun s e n s o r s  a r e  l i g h t - s e n s i t i v e  d i o d e s  which i n f c r m  
t h e  a t t i t u d e  c o n t r o l  sys t em when t h e y  s e e  t h e  Sun. The 
a t t i t u d e  c o n t r o l  sys tem r e s p o n d s  t o  t h e s e  s i g n a l s  by t u r n i n g  
t h e  s p a c e c r a f t  and p o i n t i n g  t h e  s o l a r  p a n e l s  toward  t h e  Sun 
f o r  s t a b i l i z a t i o n  on two a x e s  and f o r  c o n v e r s i o n  o f  s o l a r  
e n e r g y  t o  s p a c e c r a f t  power.  N i t r o g e n  g a s  e s c a p e s  th rough  t h e  
a p p r o p r i a t e  j e t  n o z z l e ,  i m p a r t i n g  a  r e a c t i o n  t o  t h e  space -  
c r a f t  t o  c o r r e c t  i t s  a n g u l a r  p o s i t i o n .  



The s t a r  Canopus, one o f  t h e  b r i g h t e s t  i n  t h e  g a l a x y ,  
w i l l  p r o v i d e  a second c e l e s t i a l  r e f e r e n c e  upon which *so 
b a s e  maneuvers ,  p o i n t  t h e  h i g h  g a i n  a n t e n n a  toward Ea:rth 
and t h e  i n s t r u m e n t s  toward  Mars. The Canopus s e n s o r  w i l l  
a c t i v a t e  t h e  g a s  j e t s  t o  r o l l  t h e  s p a c e c r a f t  abou t  t h e  
a l r e a d y - f i x e d  l o n g i t u d i n a l  o r  r o l l  a x i s  u n t i l  i t  i s  l o e k e d  
i n  c r u i s e  p o s i t i o n .  Canopus a c q u i s i t i o n  o c c u r s  when %he  
l i g h t  i n t e n s i t y  i n  t h e  f i e l d  of view o f  t h e  s e n s o r  ma-ccnes 
t h e  i n t e n s i t y  a n t i c i p a t e d  f o r  t h e  s t a r  Canopus. B r i g h t n e s s  
o f  t h e  s e n s o r ' s  t a r g e t  s t a r  w i l l  be t e l e m e t e r e d  t o  t h e  gro,nd 
t o  v e r i f y  t h e  c o r r e c t  s t a r  h a s  been  a c q u i r e d ,  

P e r i o d i c a l l y  d u r i n g  t h e  f l i g h t ,  t h e  Canopus s e n s o r  w i l l  
be  u p d a t e d  t o  compensate f o r  t h e  changing  a n g u l a r  r e l a t i o n -  
s h i p  between t h e  s p a c e c r a f t  and t h e  s t a r .  The senso i - ' s  f i e l d  
o f  view o r  " look  a n g l e "  w i l l  be changed e l e c t r o n i c a l l v  t o  
f o l l o w  Canopus th roughou t  t h e  m i s s i o n .  

Upon r e c e i p t  o f  commands from t h e  C e n t r a l  Computer and 
Sequencer  (CCBS), t h e  a t t i t u d e  c o n t r o l  sys t em o r i e n t s  t h e  
s p a c e c r a f t  t o  a l i g n  t h e  t h r u s t  a x i s  of  t h e  r o c k e t  e n g i n e  i~: 
t h e  d i r e c t i o n  r e q u i r e d  f o r  t h e  t r a j e c t o r y  c o r r e c t i o n  maneuvep, 

Dur ing  f i r i n g  o f  t h e  e n g i n e ,  s t a b i l i z a t i o n  o f  t h e  space -  
c r a f t  w i l l  be e f f e c t e d  by g i m b a l l i n g  t h e  e n g i n e  s o  t h a t  thru.s5 
d i r e c t i o n  r emains  t h r o u g h  t h e  s p a c e c ? a f t V s  c e n t e r  o f  g r a v i s y .  
The M a r i n e r ' s  a u t o p i l o t  c o n t r o l s  s p a c e c r a f t  a t t i t u d e  during 
e n g i n e  f i r i n g  by u s i n g  t h e  gyros  t o  s e n s e  motion a b o u t  t h e  
s p a c e c r a f t ' s  t h r e e  a x e s  f o r  g i m b a l l i n g  t h e  e n g i n e .  

P r o p u l s i o n  

M a r i n e r ' s  r o c k e t  e n g i n e  p r o v i d e s  s m a l l  t r a j  ectoi-y 
c o r r e c t i o n s  t o  t h e  s p a c e c r a f t  d u r i n g  Earth- to-Mars tra~xit, 
d e c e l e r a t i o n  i n t o  Mars o r b i t  and t r i m  maneuvers t o  a c h i e v e  
t h e  d e s i r e d  p e r i a p s i s  and o r b i t a l  p e r i o d .  The e n g i n e ,  
c a p a b l e  o f  a t  l e a s t  f i v e  s t a r t s  and shutdowns,  p r o v i d e s  a 
c o n t i n u o u s  t h r u s t  o f  300 pounds ( 0 . 3 6  k i l o g r a m s ) .  

The r o c k e t  n o z z l e  p r o t r u d e s  from t h e  t o p  of  t h e  spaee -  
c r a f t  a l o n g  i t s  l o n g i t u d i n a l  o r  r o l l  a x i s .  

The f u e l ,  monomethyl h y d r a z i n e ,  and t h e  o x i d i z e r ,  n i t r o g e n  
t e t r o x i d e ,  a r e  c o n t a i n e d  i n  two 30-inch ( 0 . 7 6 2  m e t e r s )  d i a m e t e r  
p r e s s u r e  v e s s e l s .  The p r o p e l l a n t s  a r e  f o r c e d  i n t o  t h e  e n g i n e f s  
combust ion chamber by n i t r o g e n  g a s  compress ing  b l a d d e r s  i n  t h e  
s p h e r i c a l  t a n k s .  Hypergo l i e  i g n i t i o n  o f  t h e  f u e l  and o x i d i z e r  
c a u s e s  r a p i d  expans ' ion o f  h o t  g a s e s  i n  t h e  e n g i n e .  



Firing of the engine is controlled by the CC&S, i / rh i cb  
receives the time, direction and duration of required t 5 c s s ~  
through the ground-to-spacecraft communication link, A2 the 
command signal from the CC&S, solenoid-actuated engine vz:ves 
allow the propellants to enter the thrust chamber from ';l?e 

already pressurized tanks. For termination of thrust, an 
accelerometer activates the solenoid, stopping propellant f l o ~  

During engine firing, spacecraft attitude is maintained 
by autopilot-controlled gimballing of the engine. 

"h Both Mariners may perform two midcourse maneuvers -- c A , e  
first about six days after launch and the second as late as 30 
days prior to encounter with Mars. 

Insertion into orbit around Mars will be achieved. ~n;i 'th a 
long -- 14-minute -- engine bilrn to decelerate the spacecraft, 
Spacecraft velocity will be decreased by about 3,250 miles per 
hour (1,450 meters per second). 

Each spacecraft will execute one or two trim maneuvers while 
in orbit around Mars. Additional trim maneuvers are possible, 

Each Mariner will carry more than 1,000 pounds (154 kilog~axs) 
of propellants, about 45 per cent of the total spacecraft ;aurLch 
weight. 

Central Computer and Sequencer 

Mariner is designed to operate throughout its basic missioul 
without the need of ground commands --with the except103 of 
spacecraft maneuvers. This automatic capability is made poss3bLe 
by the on-board command function of the Central Computer and 
Sequencer (CC&S). Critical events, however, are backed vp by 
the ground command capability. 

The CC&S performs the timing, sequencing and computatlocs 
for other subsystems aboard the spacecraft. It initiates space- 
craft events in six mission sequences--launch, cruise, rn idcoc r se  
maneuver, orbit insertion maneuver, orbit trim maneuvers acd 
orbital science. 

Timing and sequencing are programmed into the C C & X  prior 
to launch but can be modified anytime during the flight by 
command from the ground. 



The CC&S c o n s i s t s  of  a s p e c i a l  pu rpose  programmable 
computer  and a f i x e d  s e q u e n c e r  f o r  redundancy d u r i n g  
maneuvers .  

Under normal  c i r c u m s t a n c e s ,  t h e  programmable computer 
p o r t i o n  and t h e  f i x e d  s e q u e n c e r  p o r t i o n  of  t h e  CC&S o p e r a t e  
i n  tandem f o r  t h e  midcourse  maneuver and o r b i t  t r i m  maneuvers ,  
If t h e r e  i s  d i sag reemen t  on any maneuver e v e n t  t h e  maneuver 
i s  a b o r t e d  and t h e  s p a c e c r a f t  r e t u r n s  t o  t h e  c r u i s e  c c n d i t i o n ,  
A maneuver a l s o  can  be  per formed by e i t h e r  p o r t i o n  o f  t h e  
CC&S a l o n e .  

The f i x e d  s e q u e n c e r  w i l l  be  pr ime f o r  t h e  maneuver t h a t  
p u t s  M a r i n e r  i n t o  o r b i t  around Ea.rs.  S e l e c t e d  backup func"ciol?s 
w i l l  be  p r o v i d e d  by t h e  programmable computer .  

Communications 

Two-way communications w i t h  t h e  Mar ine r s  w i l l  be 
by r a d i o  l i n k  between E a r t h  t r a c k i n g  s t a t i o n s  and a 
d u a l  t r a n s m i t t e r - s i n g l e  r e c e i v e r  r a d i o  sys t em aboard  
each  s p a c e c r a f t .  

The on-board communicat ions sys t em a l s o  i n c l u d e s  a 
t e l e m e t r y  subsys tem,  command subsys tem,  d a t a  s t o r a g e  
subsys tem and h i g h - g a i n ,  low-gain and mediu.m-gain a n t e n n a s .  

The s p a c e c r a f t  S-band r e c e i v e r  w i l l  o p e r a t e  c o n t i n u o u s l y  
d u r i n g  t h e  m i s s i o n  a t  abou t  2,210 megaher t z .  (The r e c e i v e r s  
i n  t h e  two Mar ine r s  w i l l  o p e r a t e  a t  s l i g h t l y  d i f f e r e n t  f r e -  
q u e n c i e s .  S i m i l a r l y ,  no  two t r a n s m i t t e r s  w i l l  o p e r a t e  a t  
e x a c t l y  t h e  same frequency.) The r e c e i v e r  w i l l  be used  w i t h  
t h e  h i g h - g a i n  a n t e n n a  o n l y  o r  a  combinat ion  of  t h e  low-gain 
o ~ ~ n i d i r e c t i o n a l  a n t e n n a  and t h e  medium-gain a n t e n n a .  The 
s p a c e c r a f t  r e c e i v e s  u p l i n k  command and r a n g i n g  s i g n a l s  f rom 
ground s t a t i o n s  of  t h e  Deep Space Network 

To p r o v i d e  t h e  s t a n d a r d  d o p p l e r  t r a c k i n g  d a t a ,  t h e  
r a d i o  s i g n a l  t r a n s m i t t e d  from E a r t h  i s  r e c e i v e d  a t  t h e  space-  
c r a f t ,  changed i n  f r e q u e n c y  by a known r a t i o  and r e - t r a n s m i t t e d  
t o  E a r t h .  I n  a d d i t i c n ,  a  JPL-developed r a n g i n g  t e c h n i q u e  u s i n g  
an  a u t c m a t i c  coded s i g n a l  p r o v i d e s  r a n g e  measurements with an 
a c c u r a c y  o f  a  few y a r d s  a t  t h e  Mars-Earth d i s t a ~ c e .  The r a n g i n g  
f u n c t i o n  may be  commanded on and o f f  by ground command, o r  off 
by t h e  C e n t r a l  Computer and Sequence r .  

- more - 



When no uplink signal is being received by Mariner, 
the transmitted frequency of about 2,295 megahertz originates 
in the spacecraft transmitter. The transmitter consists of 
two redundant exciters and two redundant radio frequency 
power amplifiers of which any combination is possible, Only 
one exciter-amplifier combination will operate at any one 
time. Selection of the combination will be by on-board 
failure detection logic with ground command backup, 

Both amplifiers on each spacecraft employ traveling 
wave tubes and are capable of operating at 10 watts or 20 
watts output and the signal may be transmitted through 
either the high-gain or low-gain antenna. Transmission 
via the high-gain antenna will be required during the 
encounter and playback phases of the mission. 

The high-gain antenna, with a 40-inch-diameter 
(1.02 meters) parabolic reflector, provides a highly 
directional beam for the downlink radio signal. The 
high-gain antenna has two positions with respect to the 
spacecraft. It is deployed to the second position during 
orbit to enhance communications during the orbital phase. 
The low-gain antenna provides essentially uniform coverage 
in the direction of Earth. The medium-gain antenna, coupled 
to the low-gain is used to provide telemetry to Earth during 
the maneuver into Mars orbit. 

All communications between the Mariners and Earth will 
be in digital form. Command signals transmitted to .the 
spacecraft will be decoded--translated from a binary form 
into electrical impulses--in the command subsystem and routed 
to their proper destination. 

Three types of commands are transmitted to the space- 
craft: a direct command (DC) results in the closure of a 
switch in one of the spacecraft subsystems; a coded com~and 
(CC) provides information to the Central Comp,uter and 
Sequencer for maneuvers or to update the CC&S program; a 
quantitative command (QC) is used to position the scan plat- 
form. A coded command to the Data Automation System allows 
selection of TV camera filters, shutter speeds and other 
science instrument options. There are 82 possible DCqs 
which back up all critical automatic spacecraft functions, 
choose redundant elements, initiate maneuvers and perform 
other functions. 

- more - 



Data  t e l e m e t e r e d  from t h e  s p a c e c r a f t  w i l l  c o n s i s t  
of  e n g i n e e r i n g  and s c i e n c e  measurements p r e p a r e d  f o r  
t r a n s m i s s i o n  by t h e  Te lemet ry  Subsystem, t h e  Data  
Automation Subsystem ( r e a l - t i m e  TV and s c i e n c e )  and 
Da ta  S t o r a g e  Subsystem ( r e c o r d e d  s c i e n c e  i n c l u d i n g  TV), 
The encoded i n f o r m a t i o n  w i l l  i n d i c a t e  v o l t a g e s ,  p r e s s u r e s ,  
t e m p e r a t u r e s  and o t h e r  v a l u e s  measured by t h e  s p a c e c r a f t  
t e l e m e t r y  s e n s o r s  and s c i e n c e  i n s t r u m e n t s .  

There  a r e  t h r e e  d a t a  c h a n n e l s :  t h e  e n g i n e e r i n g  cbanr~e; 
which o p e r a t e s  t h r o u g h o u t  t h e  f l i g h t ;  t h e  l o w - r a t e  s c i e n c e  
c h a n n e l  employed d u r i n g  t h e  o r b i t a l  phase  of  t h e  m i s s i o n ;  
and t h e  h i g h - r a t e  s c i e n c e  c h a n n e l .  

Mar ine r  can  t r a n s m i t  i n f o r m a t i o n  t o  E a r t h  a t  e i g h t  
d i f f e r e n t  r a t e s :  on t h e  e n g i n e e r i n g  c h a n n e l  a t  8  1 / 3  b i t s  
p e r  second and 33  1/3 b p s ;  on t h e  s c i e n c e  c h a n n e l  a t  5 0  b p s ;  
and on t h e  h i g h - r a t e  s c i e n c e  c h a n n e l  a t  16 ,200 bps and 8,130 
b p s .  Da ta  s t o r a g e  p layback  r a t e s  a r e  16 ,200 b p s ,  8 ,100 b p s ,  
4,050 b p s ,  2 ,025 bps and 1 , 0 1 2 . 5  b p s .  

C e r t a i n  c o n d i t i o n s  must e x i s t  i n  o r d e r  t o  u t i l i z e  t h e  
h i g h - r a t e  c h a n n e l .  These i n c l u d e  t h e  a v a i l a b i l i t y  of  t h e  
210-foot  (64-meter )  d i a m e t e r  a n t e n n a  a t  t h e  Golds tone  
Complex of t h e  Deep Space Network (DSN) f o r  r e c e i v i n g ,  
The DSNvs 85-foot  (26-meter )  a n t e n n a s  can  r e c e i v e  d a t a  
a t  r a t e s  up t o  2,025 b p s .  

Approximately 90 e n g i n e e r i n g  measurements  a r e  o b t a i n e <  
by t r a n s d u c e r s  t h r o u g h o u t  t h e  s p a c e c r a f t  t o  make up t h e  
e n g i n e e r i n g  d a t a .  The e n g i n e e r i n g  samples  a r e  t a k e n  con- 
t i n u o u s l y  and can  be t r a n s m i t t e d  a l o n g  w i t h  s c i e n c e  r e g a r d i e s s  
o f  t h e  s c i e n c e  channe l  o r  r a t e  i n  u s e .  

The Da ta  S t o r a g e  Subsystem ( t a p e  r e c o r d e r )  r e c o r c s  d t g i t a l  
s c i e n c e  d a t a  from t h e  Data  Automation System d u r i n g  t h e  o r k i t a i .  
phase  a t  132,300 b i t s  p e r  second u n t i l  t h e  e i g h t  t a p e  t r a c k s  
a r e  f i l l e d .  Data  c o n s i s t s  of d i g i t i z e d  v i d e o  from t h e  TV 
cameras and t h e  o t h e r  s c i e n c e  i n s t r u m e n t s .  T o t a l  s t o r a g e  
c a p a c i t y  f o r  each  s p a c e c r a f t  i s  180 m i l l i o n  b i t s .  

P layback  i s  i n i t i a t e d  by e i t h e r  on-board o r  ground 
command. One o f  t h e  f i v e  p layback  d a t a  r a t e s  -- from 
1 , 0 1 2 . 5  b i t s  p e r  second t o  16 ,200 bps  -- i s  s e l e c t e d  
depending upon t h e  a v a i l a b i l i t y  o f  t h e  210-foot  (64 -mete r )  
Go lds tone  a n t e n n a  and t h e  Earth-Mars d i s t a n c e .  

- more - 



Power 

The Mar ine r  power subsys tem s u p p l i e s  e l e c t r i c a l  
power t o  t h e  s p a c e c r a f t ,  s w i t c h e s  and  c o n t r o l s  t h e  power 
and  p r o v i d e s  an  a c c u r a t e  t i m i n g  s o u r c e  f o r  t h e  s p a c e c r a f t ,  

Pr imary  power s o u r c e  i s  a n  ar rangement  of  17 ,472 
p h o t o v o l t a i c  s o l a r  c e l l s  mounted on f o u r  p a n e l s  which will 
f a c e  t h e  Sun d u r i n g  most of  t h e  f l i g h t  t o  Mars and d u r i n g  
o r b i t a l  o p e r a t i o n s .  The c e l l s ,  c o v e r i n g  83 s q u a r e  f e e t  
( 7 . 8  s q u a r e  m e t e r s ) ,  w i l l  c o l l e c t  s o l a r  ene rgy  and conver'; 
i t  i n t o  e l e c t r i c a l  power.  

A r e c h a r g e a b l e  nickel-cadmium b a t t e r y  p r o v i d e s  space-  
c r a f t  power d u r i n g  l a u n c h  and whenever t h e  p a n e l s  a r e  t u r n e d  
away from t h e  Sun. The b a t t e r y  w i l l  be  k e p t  i n  a s t a t e  of  
f u l l  c h a r g e  and w i l l  b e  a v a i l a b l e  as an  emergency power 
backup s o u r c e .  

Two power r e g u l a t o r s  w i l l  p r o v i d e  r edundancy .  i n  t h e  
e v e n t  o f  a f a i l u r e  i n  one ,  i t  w i l l  be  removed a u t o m a t i c a l l y  
f rom t h e  l i n e  and t h e  second w i l l  be  s w i t c h e d  i n  t o  assume 
t h e  f u l l  l o a d .  

The s o l a r  p a n e l s  w i l l  b e  f o l d e d  i n  a n e a r  v e r t i c a l  
p o s i t i o n  above t h e  body o f  t h e  s p a c e c r a f t  d u r i n g  l a u n c h  
and w i l l  be  dep loyed  a f t e r  s e p a r a t i o n  from t h e  l a u n c h  
v e h i c l e .  Each p a n e l  c a r r i e s  4 ,368 s o l a r  c e l l s  ( 2  x 2 e m , )  
and p r o t e c t i v e  g l a s s  f i l t e r s  t h a t  r e d u c e  t h e  amount of 
s o l a r  r a d i a t i o n  absorbed  w i t h o u t  i n t e r f e r i n g  w i t h  t h e  
ene rgy  c o n v e r s i o n .  The c e l l  modules a r e  s u p p o r t e d  b y  
l i g h t w e i g h t  p a n e l  s t r u c t u r e s  made of  th in -gauge  aluminum, 

Nominal power c a p a b i l i t y  o f  t h e  p a n e l s  i s  e x p e c t e d  
t o  be 800 watts a t  maximum power v o l t a g e  f o r  c r u i s e  
c o n d i t i o n s  i n  s p a c e  n e a r  E a r t h .  T h i s  power c a p a b i l i t y  
d e c r e a s e s  t o  a b o u t  500 watts a t  t h e  Mars d i s t a n c e  i f  
t h e r e  i s  no d e g r a d a t i o n  b e c a u s e  of  s o l a r  f l a r e s .  Max- 
imum power demand i s  e x p e c t e d  t o  be  l e s s  t h a n  400 w a t t s  
d u r i n g  o r b i t a l  o p e r a t i o n s .  

Minimum c a p a c i t y  o f  t h e  s p a c e c r a f t  b a t t e r y  i s  600 
w a t t  h o u r s .  The b a t t e r y  w i l l  b e  c a p a b l e  of d e l i v e r i n g  
i t s  r e q u i r e d  c a p a c i t y  and mee t ing  a l l  e l e c t r i c a l  r e q u i r e -  
ments  w i t h i n  an o p e r a t i o n a l  t e m p e r a t u r e  r a n g e  o f  30 t o  90 
d e g r e e s  F a h r e n h e i t  ( 1 0  t o  32  d e g r e e s  C e l s i u s ) .  A t  
t e m p e r a t u r e s  o u t s i d e  t h i s  r a n g e ,  i t  w i l l  s t i l l  f u n c t i o n  
a l t h o u g h  i t s  c a p a b i l i t y  w i l l  be  r e d u c e d .  
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To e n s u r e  maximum r e l i a b i l i t y ,  t h e  power s u b s y s t e n  
was d e s i g n e d  t o  l i m i t  t h e  need  f o r  b a t t e r y  power a f t e r  
i n i t i a l  Sun a c q u i s i t i o n .  Except  d u r i n g  maneuvers ,  t h e  
b a t t e r y  w i l l  r emain  i d l e  and f u l l y  cha rged .  The b a t t e r y  
c h a r g e r  w i l l  p r o v i d e  a h i g h - r a t e  o r  a t r i c k l e  c h a r g e .  

Under normal  f l i g h t  c o n d i t i o n s ,  t h e  p r imary  power 
b o o s t e r - r e g u l a t o r  w i l l  h a n d l e  a l l  s p a c e c r a f t  l o a d s ,  A 
s econd  r e g u l a t o r  w i l l  s u p p o r t  power l o a d s  on a s tand-by  
b a s i s .  Should  an  o u t - o f - t o l e r a n c e  v o l t a g e  c o n d i t i o n  
e x i s t  i n  t h e  main r e g u l a t o r ,  t h e  s tand-by  r e g u l a t o r  xi11 
t a k e  I t s  p l a c e  on t h e  l i n e .  

Pr imary  form o f  power d i s t r i b u t e d  t o  o t h e r  space-  
c r a f t  sys t ems  i s  2,400 h e r t z  s q u a r e  wave. The g y r o  s p i n  
moto r s  u s e  400 h e r t z  t h r e e - p h a s e  c u r r e n t ,  and t h e  s c a n  
motor  i s  s u p p l i e d  w i t h  400 h e r t z  s i n g l e - p h a s e  c u r r e n t ,  
The t r a n s m i t t e r  a m p l i f i e r  t u b e ,  b a t t e r y  c h a r g e r s  and 
t e m p e r a t u r e  c o n t r o l  h e a t e r s  u s e  u n r e g u l a t e d  d c  power 
from t h e  s o l a r  p a n e l s  o r  t h e  b a t t e r y .  

A c r y s t a l  o s c i l l a t o r  i n  t h e  main power i n v e r t e r  
c o n t r o l s  t h e  f r equency  t o  w i t h i n  0 . O l p e r  c e n t ,  a s s u r i n g  
o t h e r  s p a c e c r a f t  sys t ems  of  a r e l i a b l e ,  a c c u r a t e  f r e$uency  
on t h e i r  power l i n e .  A backup c r y s t a l  o s c i l l a t o r  i s  l o c a t e d  
i n  t h e  s tand-by  i n v e r t e r .  The s p a c e c r a f t  C e n t r a l  Computer 
and  Sequencer  u s e s  t h e  o s c i l l a t o r  f r e q u e n c y  a s  a  t i m i n g  
s o u r c e .  

Te lemet ry  measurements  have been  s e l e c t e d  t o  p r o v i d e  
t h e  n e c e s s a r y  i n f o r m a t i o n  f o r  t h e  management o f  s p a c e c r a f t  
power l o a d s  by ground command i f  n e c e s s a r y .  

The b a t t e r y ,  r e g u l a t o r s  and power d i s t r i b u t i o n  equip- 
ment a r e  housed i n  two a d j a c e n t  e l e c t r o n i c s  compartments on 
M a r i n e r f  s o c t a g o n a l  b a s e .  

Tempera ture  C o n t r o l  

F o r  a s p a c e c r a f t  t r a v e l i n g  t o  Mars, away froin Earch  and 
from t h e  Sun, t h e  p r i m a r y  t e m p e r a t u r e  c o n t r o l  problem i s  
m a i n t a i n i n g  t e m p e r a t u r e s  w i t h i n  a l l o w a b l e  l i m i t s  d e s p i t e  t h e  
d e c r e a s i n g  s o l a r  i n t e n s i t y  as t h e  m i s s i o n  p r o g r e s s e s ,  I n  
a i r l e s s  s p a c e ,  t h e  t e m p e r a t u r e  d i f f e r e n t i a l  between t h e  s u n l i t  
s i d e  and t h e  shaded s i d e  of  an o b j e c t  can  be  s e v e r a l  hundred  
d e g r e e s .  
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H e a t i n g  by d i r e c t  s u n l i g h t  on t h e  Mar ine r  s p a c e c r a f t  
i s  minimized by t h e  u s e  of  a  t h e r m a l  b l a n k e t  on i t s  Sun 
s i d e .  The s i d e  away from t h e  Sun i s  covered  w i t h  a  the rma l  
b l a n k e t  T O  p r e v e n t  r a p i d  l o s s  o f  h e a t  t o  t h e  c o l d  of  s p a c e ,  

The t o p  o f  M a r i n e r ' s  b a s i c  oc tagon  and t h e  p r o p d l s i o n  
module a r e  i n s u l a t e d  from t h e  Sun by a  m u l t i - l a y e r e d  s h i e l d  
o f  a l u m i n i z e d  T e f l o n .  The o u t e r  l a y e r  o f  t h e  s h i e l d ,  con- 
s t r u c t e d  of a t i g h t l y - w o v e n  f i b e r g l a s s  c l o t h ,  a l s o  s e r v e s  
as a  f o i l  a g a i n s t  mic rometeoro ids .  The bot tom i s  e n c l o s e d  
by a n o t h e r  m u l t i - l a y e r e d  b l a n k e t  t o  r e t a i n  h e a t  g e n e r a t e d  
by power consumption w i t h i n  t h e  s p a c e c r a f t .  

Tempera ture  c o n t r o l  o f  s i x  of t h e  e l e c t r o n i c s  compart-  
ments i s  p r o v i d e d  by p o l i s h e d  m e t a l  l o u v e r s  a c t u a t e d  b y  
c o i l e d  b i m e t a l l i c  s t r i p s .  The s t r i p s  a c t  as sp i ra l -wound 
s p r i n g s  t h a t  expand and c o n t r a c t  a s  t h e y  h e a t  and c o o l .  
T h i s  mechan ica l  a c t i o n ,  which opens and c l o s e s  t h e  l o u v e r s ,  
i s  c a l i b r a t e d  t o  p r o v i d e  an o p e r a t i n g  r a n g e  from f u l l y  c l o s e d  
a t  55 d e g r e e s  F a h r e n h e i t  ( 1 3  d e g r e e s  C e l s i u s )  t o  f u l l y  open 
a t  90 d e g r e e s  F a h r e n h e i t  ( 3 2  d e g r e e s  C e l s i u s ) .  A l o u v e r  
assembly  c o n s i s t s  of  2 2  h o r i z o n t a l  l o u v e r s  d r i v e n  i n  p a i r s  
by 11 a c t u a t o r s .  Each p a i r  o p e r a t e s  i n d e p e n d e n t l y  011 i t s  
own l o c a l  t e m p e r a t u r e  de te rmined  by i n t e r n a l  power d i s s i p a t i o n ,  

The s c i e n c e  p l a t f o r m  and i t s  a r r a y  o f  i n s t r u r n e n ~ s  a t  t h e  
bot tom o f  t h e  o c t a g o n  a r e  cove red  by a t h i r d  t h e r m a l  b l a n k e t ,  
The p l a t f o r m  i s  d e s i g n e d  t o  be  t h e r m a l l y  i s o l a t e d  from t h e  
main equipment oc tagon  by a p l a s t i c  c o l l a r  on t h e  a t t a c h i n g  
s u p p o r t  t u b e .  Tempera ture  c o n t r o l  i s  a c h i e v e d  by e l e c t r 5 c a l  
d i s s i p a t i o n  i n  h e a t e r s  and i n  t h e  i n s t r u m e n t s  t h e m s e l v e s ,  

E l e c t r i c  h e a t e r s  a r e  l o c a t e d  w i t h i n  t h e  s c i e n c e  p l a t f o r n  
b l a n k e t ,  i n  t h e  p r o p u l s i o n  module and i n  two o f  t h e  e l e c t r o n i c s  
bays  t o  p r o v i d e  a d d i t i o n a l  h e a t  d u r i n g  c e r t a i n  p o r t i o n s  of  t h e  
m i s s i o n .  

P a i n t  p a t t e r n s  and p o l i s h e d  m e t a l  s u r f a c e s  a r e  used. on 
t h e  Mar ine r  f o r  p a s s i v e  c o n t r o l  o f  t e m p e r a t u r e s  o u t s i d e  of  t h e  
p r o t e c t e d  o c t a g o n  and covered  s c i e n c e  p l a t f o r m .  These s u r f a c e s  
c o n t r o l  b o t h  t h e  amount of h e a t  d i s s i p a t e d  i n t o  s p a c e  ana  t h e  
amount of  s o l a r  h e a t  abso rbed  o r  r e f l e c t e d  away. The p a t t e r n s  
were de te rmined  from t e s t i n g  a  Tempera ture  C o n t r o l  Model (TCPl) 
o f  t h e  s p a c e c r a f t  i n  a s p a c e  s i m u l a t i o n  chamber a t  J P L  and 
from t h e  a p p l i c a t i o n  o f  a c t u a l  m i s s i o n  d a t a  a c q u i r e d  d u r i c g  
t h e  Mar ine r  4 (1964-65) and t h e  Mar ine r  6 and 7 (1969)  m i s s i o n s  
t o  Mars.  
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The h igh-ga in  a n t e n n a  d i s h ,  which i s  dependent  upon t h e  
Sun f o r  i t s  s u r f a c e  h e a t ,  i s  p a i n t e d  g r e e n  t o  keep i t  a t  n e a r  
room t e m p e r a t u r e  a t  t h e  Mars d i s t a n c e  b u t  w i t h i n  i t s  upper  
t h e r m a l  l i m i t  e a r l i e r  i n  t h e  m i s s i o n .  

Scan P l a t f o r m  

M a r i n e r ' s  s c i e n c e  i n s t r u m e n t s  a r e  mounted on a s c a n  p l a t -  
form which can  be  r o t a t e d  about  two a x e s  t o  p o i n t  t h e  i n s t r u m e n t s  
toward  Mars d u r i n g  t h e  s p a c e c r a f t ' s  approach  t o  t h e  p l a n e t  and 
w h i l e  i n  o r b i t .  The p l a t f o r m  i s  l o c a t e d  below t h e  o c t a g o n a l  
b a s e  of  t h e  s p a c e c r a f t .  

The s c a n  c o n t r o l  sys t em a l l o w s  m u l t i p l e  p o i n t i n g  d i r e c t i o n s  
of  t h e  i n s t r u m e n t s  a s  t h e  o r b i t  phase  of t h e  m i s s i o n  p r o g r e s s e s ,  
The p l a t f o r m ' s  two a x e s  of r o t a t i o n  a r e  d e s c r i b e d  as t h e  c l o c k  
a n g l e  mot ion  abou t  t h e  a x i s  o f  t h e  t u b e  e x t e n d i n g  vertically 
from t h e  o c t a g o n  and cone a n g l e  mot ion  about  an  a x i s  which i s  
h o r i z o n t a l .  

The p l a t f o r m  i s  moto r -d r iven  and moves 215 d e g r e e s  i n  
c l o c k  and 6 9  d e g r e e s  i n  cone .  

The s c a n  p o i n t i n g  p o s i t i o n s  a r e  programmed i n  f l i g h t  and 
d u r i n g  t h e  o r b i t a l  sequence  by commands from t h e  C e n t r a l  Con- 
p u t e r  and Sequencer  o r  r a d i o  commands from E a r t h .  

A s  Mar ine r  approaches  Mars -- s e v e r a l  days  p r i o r  t o  go ing  
i n t o  o r b i t  a round t h e  p l a n e t  -- t h e  nar row-angle  TV camera w i l l  
t a k e  a s e r i e s  of spaced  " p i c t u r e  p a i r s "  o f  t h e  f u l l  d i s c  of 
Mars. The p r e - o r b i t  TV sequence ,  e n a b l e d  by a comman2 from 
t h e  CC&S b e g i n s  when t h e  p l a n e t  i s  s u f f i c i e n t l y  b r i g h t  and 
w i t h i n  t h e  f i e l d - o f - v i e w  of t h e  camera.  

Dur ing  t h e  o r b i t a l  phase  of  t h e  m i s s i o n ,  s c a n  p l a t f o r m  
p o i n t i n g  can  be updated  each  o r b i t  by ground command a s  
s c i e n t i s t s  e v a l u a t e  d a t a  from p r e v i o u s  o r b i t s .  
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SCIENTIFIC EXPERIMENTS 

Mars i s  a c o n s t a n t l y  c h a n g i n g  w o r l d  w i t h  s e a s o n a l  
and  d a i l y  v a r i a t i o n s  t h a t  h a v e  b e e n  o b s e r v e d  w i t h  
d i f f i c u l t y  f rom E a r t h  and  o n l y  b r i e f l y  by f l y b y  s p a c e -  
c r a f t .  

I n  t h i s  o r b i t i n g  m i s s i o n  a b a t t e r y  of  i n s t r u m e n t s  
w i l l  p r o b e  t h e  p l a n e t  on a d a i l y  b a s i s  f o r  t h r e e  months  
and p o s s i b l y  l o n g e r .  

The s u r f a c e  w i l l  b e  examined by p h o t o g r a p h y  and  i n  
t h e  i n f r a r e d  w a v e l e n g t h s .  The a t m o s p h e r e  w i l l  b e  examined 
i n  t h e  u l t r a v i o l e t  and  i n f r a r e d  and by t h e  o c c u l t a t i o n  
e x p e r i m e n t .  

From t h e  t o p  o f  t h e  t h i n  M a r t i a n  g a s  e n v e l o p e  down 
t o  t h e  s u r f a c e  and  t h e  i n t e r i o r  o f  c r a t e r s ,  t h e  a t m o s p h e r i e  
i n s t r u m e n t s  w i l l  r e c o r d  d a t a  t o  i d e n t i f y  g a s e s ,  p l o t  t h e  
m i x t u r e  o f  c o n s t i t u e n t s  a n d  v a r i a t i o n s  r e l a t i v e  t o  t i m e  and  
a r e a .  

The i n s t r u m e n t s  w i l l  v iew a n  e a r l y  w i n t e r  a t m o s p h e r e  
and  s u r f a c e  i n  t h e  N o r t h  and  e a r l y  summer i n  t h e  S o u t h ,  

The i n f o r m a t i o n  g a t h e r e d  s h o u l d  p r o v i d e  a b r o a d  
p i c t u r e  o f  t h e  f a c t o r s  t h a t  s h a p e  p h y s i c a l  p r o c e s s e s  a t  
work on Mars. The q u e s t i o n s  t o  b e  answered  r a n g e  f rom 
d a i l y  w e a t h e r  p a t t e r n s  t o  t h e  h i s t o r y  o f  t h e  f o r m a t i o n  o f  
t h e  p l a n e t .  

The c u t t i n g  edge  of  t h i s  m i s s i o n  i s  n o t  o n l y  r i le  
o p p o r t u n i t y  t o  examine Mars i n  d e t a i l  on a d a i l y  b a s i s  j u t  
i s  a l s o  t h e  c a r e f u l l y  p l a n n e d  c o r r e l a t i o n  o f  d a t a  fro-n rhe 
i n s t r u m e n t s  t o  y i e l d  more t h a n  t h e  sum t o t a l  o f  t h e  p a r % s ,  

F o r  example ,  t h e  u l t r a v i o l e t  e x p e r i m e n t  and tile t ~ < i o  
i n f r a r e d  e x p e r i m e n t s  a r e  b o r e s i g h t e d  w i t h  t h e  two 'llV 
c a m e r a s .  The u l t r a v i o l e t  s p e c t r o m e t e r  i n  p r o b i n g  t h e  
a t m o s p h e r e ,  p r o v i d e s  an  e l e v a t i o n  p r o f i l e  o f  t h e  s u r f a c e  
u n d e r  t h e  UV s c a n  p a t h .  T h i s  i n  t u r n ,  c an  be  c o r r e l a ~ ~ a  
w i t h  p h o t o s r a p h s  and w i t h  o c c u l t a t i o n  p r e s s u r e  d a t a  as 
was t h e  c a s e  i n  t h e  1369  f l i g h t  i n  t h e  v i c i n i t y  of  t h e  
f e a t u r e  H e l l a s  and  t h e  a d j a c e n t  a r e a  o f  H e l l e s p o n t u s .  
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A pho tograph  can  b e  c o r r e l a t e d  w i t h  t e m p e r a t u r e s  on 
I mos- t h e  s u r f a c e  and t h e  p r e s s u r e  and c o n s t i t u e n t s  o f  t h e  a 5  

p h e r e  above t h e  a r e a  pho tographed .  A p h y s i c a l  f e a t u r e  on t h e  
s u r f a c e  can  t h u s  be  r e l a t e d  t o  o t h e r  d a t a  o b t a i n e d ,  

P a s t  o b s e r v a t i o n s  have e s t a b l i s h e d  t h e  p r e s e n c e  of c i a ~ d s ,  
h a z e s ,  b r i g h t  s p o t s  and f l a r e s  o f  l i g h t  on t h e  s u r f a c e ,  Yeliow 
c l o u d s ,  t h o u g h t  t o  b e  d u s t ,  can  grow l a r g e  enough t o  o b s c u r e  a 
l a r g e  p o r t i o n  of  t h e  f a c e  o f  Mars and l a s t  a month o r  two, 
White c l o u d s  r a n g e  from a h a z e ,  l a s t i n g  a few h o u r s ,  t o  huge 
dense  c l o u d s  p e r s i s t i n g  f o r  days  o r  weeks.  Dark g r a y  c l o u d s  
have  been  r e p o r t e d  and t h o u g h t  t o  p o s s i b l y  b e  v o l c a n i c  i n  
o r i g i n .  Four  were r e p o r t e d  i n  1950 and 1952.  F l a r e s  s e e n  
on t h e  s u r f a c e  have a l s o  been  a t t r i b u t e d  t o  p o s s i b l e  v s l c a n l c  
a c t i v i t y .  

S tudy o f  t h e s e  phenomena by t h e  combined i n s t r u m e n t  
package i s  an  o b j e c t i v e  o f  t h e  m i s s i o n .  

Another  s p e c i f i c  s c i e n t i f i c  o b j e c t i v e  i s  a s t u d y  o f  t h e  
"wave o f  d a r k e n i n g " .  O b s e r v a t i o n s  from E a r t h  have e s t a b l i s h e d  
t h a t  t h e r e  i s  a s e a s o n a l  d a r k e n i n g  of f e a t u r e s  on Mars b u t  i f  
i t  p r o g r e s s e s  a t  a  r e g u l a r  r a t e , i n  a waveform i s ,  t o d a y ,  open 
t o  q u e s t i o n .  

The s p a c e c r a f t  w i l l  a r r i v e  a t  Mars a t  t h e  p e ~ k  of t h e  
d a r k e n i n g  p e r i o d  i n  t h e  s o u t h e r n  hemisphere .  It will be 
obse rved  a t  i t s  maximum i n t e n s i t y  and can  be  compared w i t h  
o b s e r v a t i o n s  i n  t h e  n o r t h e r n  hemisphere .  

The w a t e r  c o n t e n t  of  t h e  M a r t i a n  a tmosphere  i s  known 
t o  be e x t r e m e l y  low, s i m i l i a r  t o  t h e  d r y  A n t a r c t i c ,  But 
i t  i s  p o s s i b l e  t h a t  f r e e  w a t e r  was f r o z e n  i n  t h e  p a s t  and 
remains  under  t h e  s u r f a c e  l i k e  p e r m a f r o s t .  Heat e s c a p l n g  
from t h e  i n t e r i o r  o f  Mars c o u l d  m e l t  t h e  i c e  and p r o v i d e  
a w a t e r  s o u r c e  f o r  o rgan i sms . '  I f  s o ,  such  an a r e a  would 
be  a pr ime t a r g e t  f o r  t h e  Vfk ing  l a n d e r  t h a t  w i l l  s e e k  
e v i d e n c e  of  l i f e  on Mars i n  1976.  

I n  t h e  low p r e s s u r e  of t h e  M a r t i a n  a tmosphere ,  however ,  
w a t e r  can  o n l y  e x i s t  i n  a f r o z e n  o r  vaporous  s t a t e  w i t h  p e r h a p s  
a  s h o r t - l i v e d  i n t e r m e d i a t e  s t a t e  t h a t  c o u l d  m o i s t e n  t h e  scil, 
I n  t h e  e v e n t  o f  underground i c e  m e l t i n g  t h e r e  i s ,  t h e n ,  a 
p o s s i b i l i t y  o f  a  c l o u d  fo rming  o v e r  t h e  a r e a .  Photography o f  
such  a c l o u d  c o r r e l a t e d  w i t h  w a t e r  vapor  and t e m p e r a t u r e  
measurements  cou ld  i n d i c a t e  an  a r e a  a c c e p t a b l e  f o r  l i f e  fo rms .  
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The mapping o f  Mars i n  t h i s  n i s s i o n  i s  a  b a s i c  objective. 
It i s  e s s e n t i a l  i n  t h e  s t u d y  o f  a  p l a n e t  t o  e s t a b l i s h  a  t h r e e  
d i m e n s i o n a l  shape  of  t h e  p l a n e t ,  t h e  f i g u r e .  A p e r s i s t e n t  
d i s c r e p a n c y ,  however,  e x i s t s  between o p t i c a l  o b s e r v a t i o n s  
from E a r t h  and d a t a  d e r i v e d  from t h e  o r b i t s  of  t h e  t ~ o  moons 
of  Mars and s p a c e c r a f t  f l y b y  t r a j e c t o r i e s .  

S t u d i e s  o f  t h e  ' 7 1  d a t a  may r e s o l v e  t h a t  q u e s t i o n  and 
w i l l  e s t a b l i s h  t h e  M a r t i a n  g e o i d ,  a  s t a n d a r d  s p h e - i c a l  r e f e r -  
e n c e  s u r f a c e  f o r  mapping. On E a r t h ,  t h e  g e o i d  c o i n c i d e s  w i t h  
mean s e a  l e v e l  i n  t h e  o c e a n s .  

D i s c r e p a n c i e s  of  f i v e  t o  10  d e g r e e s  i n  l a t i t u d e  acd 
l o n g i t u d e  , 180 t o  380 m i l e s  (290 t o  6 1 0  k i l o m e t e r s )  az t h e  
s u r f a c e ,  a r e  n o t  uncommon between v a r i o u s  p u b l i s h e d  maps of  
Mars. A r e c e n t l y  comple ted  10-yea r  Mars Map P r o j e c t ,  kg  
de  Vaucou leu r s ,  u s i n g  a l l  Ea r th -based  v i s u a l  and p h o t o g r a p h i c  
d a t a  from 1877 t o  1958 may have  r educed  e r r o r s  t o  about  one 
d e g r e e ,  o r  3 1  m i l e s  ( 5 0  k i l o m e t e r s )  i n  r e g i o n s  where weli- 
d e f i n e d  s u r f a c e  markings  ( i . e . ,  a l b e d o  v a r i a t i o n s )  a r e  
a v a i l a b l e .  One of  t h e  ma jo r  mapping a p p l i c a t i o n s  of  t h e  
wide-angle  camera photography w i l l  be  t o  p r e c i s e l y  l o c a t e  
s u r f a c e  mark ings  t o  a r e s o l u t i o n  o f  a p p r o x i m a t e l y  one m i l e  
( 1 . 6  k i l o m e t e r s ) .  

T e l e v i s i o n  

The t e l e v i s i o n  exper imen t  w i l l  p r o v i d e  f o r  M i s s i o n  A ,  
a map of  70 p e r  c e n t  of  Mars a t  medium r e s o l u t i o n  and d e t a i l e d  
s t u d i e s  of 5 p e r c e n t o f  t h e  s u r f a c e  a t  h i g h  r e s o l u t i o n ,  Mar ine r  
4 i n  1965 pho tographed  1 p e r  c e n t  of t h e  s u r f a c e ,  and M a r i n e r s  
6 and 7 i n  1969,10  p e r  c e n t .  

The wide-angle  cameras w i l l  r e s o l v e  f e a t u r e s  on t h e  
s u r f a c e  abou t  3,280 f e e t  (1 ,000 m e t e r s )  i n  l e n g t h ,  Narrow- 
a n g l e  cameras w i l l  r e s o l v e  f e a t u r e s  abou t  328 f e e t  ( 1 C C  m e t e r s )  
i n  l e n g t h .  

The a d v a n t a g e s  of  an  o r b i t i n g  m i s s i o n  w i l l  b e  e x p l o i t e d  
f o r  M i s s i o n  B i n  r e p e a t e d  p h o t o g r a p h i c  s t u d i e s  of  i n d i v i d u a l  
a r e a s  o v e r  a p e r i o d  o f  t i m e  t o  d e t e c t  changes  on t h e  s u r f a c e  
and i n  t h e  a tmosphere .  

S p e c i f i c  a r e a s  of  s t u d y  a r e  t h e  "wave o f  d a r k e n i n g f Y  
( s e a s o n a l  s u r f a c e  c o l o r  c h a n g e ) ,  p o l a r  caps  and t h e  p o l a r  
cap-edge,  a t m o s p h e r i c  and s u r f a c e  f l u o r e s c e n c e ,  a t m o s p h e r i c  
h a z e ,  b l u e  c l e a r i n g s ,  w h i t e  and y e l l o w  c l o u d s  and c l o u d  
movements. 
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Although n o t  a  p r imary  o b j e c t i v e ,  t h e  two moon: oi 
Mars, Phobos and Diemos, may be photographed t o  o b t a i n  
i n f o r m a t i o n  on t h e i r  shape  , s i z e  and s u r f a c e  f e a t u r e s ,  
P r e l a u n c h  s t u d i e s  i n d i c a t e  t h a t  t h e  s p a c e c r a f t s  w i l l  zo171 
w i t h i n  s u f f i c i e n t  p r o x i m i t y  o f  t h e  moons t o  o b t a i n  surfac? 
d a t a .  

D e t e c t i o n  of  any l i f e  forms on Mars i s  beyond t h e  
r e s o l u t i o n  c a p a b i l i t i e s  of t h e  cameras .  However, cox r e l z i  " or 
o f  t h e  pho tographs  w i t h  o t h e r  d a t a  may y i e l d  infor rna5iox  OP 
t h e  p o s s i b i l i t y  o f  l i f e  forms on Mars o r  on s u i t a b i :  7 2 7  c r 
Mars a s  a  h a b i t a t  f o r  l i f e .  

P r i o r  t o  i n s e r t i o n  i n t o  o r b i t ,  t h e  narrow camera: <$-I1 
p r o v i d e  approach  pho tographs  o f  Mars s i m i l a r  t o  t h e  s e r i e s  
t a k e n  i n  1 9 6 9  by M a r i n e r s  6 a.nd 7. The sequences  v : j l l  ~ e g i q  
a t  r a n g e s  i n  e x c e s s  of  one m i l l i o n  m l l e s  (1,609,OOQ k i l c r 3 e r ; e r z ;  
f rom Mars. 

A s  t h e  "71 f l i g h t s  w i l l  a r r i v e  a t  Mars i n  a  diif 'cirel.2 
s e a s o n  t h a n  t h e  '69 f l i g h t s ,  t h e  approach  p i c t u r e s  w i l l  
p r o v i d e  p r o j e c t  s c i e n t i s t s  w i t h  v a l u a b l e  d a t a  f o r  plannln:  
t h e  o r b i t a l  o p e r a t i o n s  and s c i e n t i f i c  d a t a  on changes ~ t ? ~ ' ,  
have o c c u r r e d  s i n c e  1969 .  

It w i l l  be  e a r l y  w i n t e r  i n  Marsr n o r t h e r n  hemisphere  
on a r r i v a l  and e a r l y  summer i n  t h e  s o u t h e r n  h e m i s p h e r e ,  
T h i s  i s  s i m i l a r  t o  t e l e s c o p e  o b s e r v a t i o n s  made i n  1958 a t  
Mars o p p o s i t i o n .  

The TV exper imen t  on Mar ine r  H (Miss ion  A )  w i l l ,  LP 
mapping t h e  s u r f a c e ,  p r o v i d e  a  wide r a n g e  of i n f o r n a t i o l -  
f o r  s t u d i e s  of  b r i g h t  and d a r k  r e g i o n s :  f i n e  S ~ ~ U ~ T I J Y ~  c- ' 
t o p o g r a p h i c  d e t a i l s ,  and such  p r o c e s s e s  as v o l c a n i s n ,  
t e c t o n i s m ,  i m p a c t ,  e r o s i o n  and a t m o s p h e r i c  a c t i v i t y ,  

The o b j e c t i v e s  a l s o  i n c l u d e :  

- A d e t e r m i n a t i o n  of t h e  shape  of t h e  p l a n e t ,  ( D a t a  
from t r a j e c t o r i e s  of  f l y b y  s p a c e c r a f t  and t h e  o r b i t s  o f  %he 
two M a r t i a n  moons do n o t  a g r e e  w i t h  Ea r th -based  o b s e r v a t i o n .  

- High p r e c i s i o n  g e o d e t i c  c o o r d i n a t e s  o f  a  l a r g e  n u ~ l h e r  
o f  w e l l  d e f i n e d  t o p o g r a p h i c  f e a t u r e s  f o r  maps of  TI-e o l a r e r ; ,  

- To i n v e s t i g a t e ,  by p h o t o m e t r i c  and p h o t o g r a m ~ e  c r ; ~  
a n a l y s i s ,  s u r f a c e  s l o p e s  and r e l a t i v e  e l e v a t i o n  characJ;er-  
i s t i c s ;  t o  d e t e r m i n e  s u r f a c e  b r i g h t n e s s  and a l b e d o  d i C f c r ~ n c e r ;  
and t o  p e r f o r m  a n a l y s e s  r e l a t e d  t o  improving  t h e  a e c u r d c j  of  
t h e  p h o t o m e t r i c  f u n c t i o n  of Mars.  
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It is evident from Earth-based radar data that albedo 
(amount and spectrum of reflected light) and elevation 
differences on Mars do not have a close correlation. Zetailed 
studies of this fact may have great significance for an inter- 
pretation of observed albedo variations. 

Mariner I (Mission B) will study time-variable features 
on the surface and in the atmosphere of Mars in order to obcain 
information on the atmospheric structure and circulation, details 
of diurnal and seasonal changes, and clues regarding the pos- 
sibility of life on Mars. The specific areas to be stxdied are 
wave of darkening, polar caps and cap adjacent areas, nightslde 
atmospheric and surface fluorescence, haze in the atmosphere, 
white clouds and patches at low latitudes, yellow c1ou.a~ and 
storms and the Martian satellites to obtain inforrnatiolz o n  
their shape and surface features. 

Each wide-angle camera is equipped with comnandable 
filters allowing a choice of eight filters. 

The team leader is Harold Mazursky, U. S. Geological 
Survey, Flagstaff, AZ. Other principal investigators are 
Bradford Smith, New Mexico State University; Dr. Joshua 
Lederberg, Stanford University; Dr. Gerard de Vaucouleurs, 
University of Texas; and Dr. Geoffrey A. Briggs, Belleom, 

Infrared Radiometer (IRR) 

This experiment will provide temperature measurements 
of the surface of Mars by detection of thermal radiation 
in the infrared portion of the electromagnetic spectrum, 

The,instrument is boresighted with the television 
cameras to allow correlation of surface temperatures 
terrain features and clouds. 

The thermophysical properties of the surface will he 
mapped during the length of the standard missions. 
Irregularities in diurnal cooling curves will be compared 
to photographs for similarity of areas to visible albedo 
variation. Existence of "hot spots", which are slightly 
high average temperature areas, will be studied for 
indications of internal heat sources. 
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The i n f r a r e d  r a d i o m e t e r s  on e a c h  Mar ine r  '69 m i s s i o n  
measured t e m p e r a t u r e s  o v e r  b r o a d  a r e a s  of  t h e  p l a n e t a r y  
s u r f a c e  on a  s i n g l e  sweeping  p a s s .  The t e m p e r a t u r e s ,  
t h e r e f o r e ,  as a f u n c t i o n  o f  l o c a l  t i m e ,  cou ld  on ly  b e  
e s t a b l i s h e d  i n  a mean s e n s e .  

O b s e r v a t i o n s  from M a r i n e r  ' 7 1  w i l l  p r o v i d e  c o o l i n g  
c u r v e s  c h a r a c t e r i s t i c  o f  i n d i v i d u a l  a r e a s  ; t h u s ,  t h e  d e g r e e  
o f  c o r r e l a t i o n  t h a t  may e x i s t  between c h a r a c t e r i s t i c  c o o l i n g  
c u r v e s  and ma jo r  p h y s i o g r a p h i c  f e a t u r e s  can be f o u n d ,  

E s s e n t i a l l y  t h e  same i n s t r u m e n t  f lown on t h i s  m i s s i o n  
was f lown  on t h e  1 9 6 9  m i s s i o n  t o  Mars b u t  viewed on ly  one 
p e r  c e n t  of t h e  s u r f a c e .  I n  t h e  o r b i t i n g  m i s s i o n  i t  i s  
e x p e c t e d  t h a t  as much as 2 0  p e r  c e n t  of  t h e  s u r f a c e  w i l l  
be c o v e r e d .  

The w i d e r  cove rage  i s  e x p e c t e d  t o  d e t e r m i n e  a c c u r a t e l y  
t h e  t h e r m o p h y s i c a l  p r o p e r t i e s  o f  s u r f a c e  f e a t u r e s .  

The p r i n c i p a l  i n v e s t i g a t o r  i s  D r .  Gerry  Neugebauer of 
t h e  C a l i f o r n i a  I n s t i t u t e  of Technology.  

U l t r a v i o l e t  S p e c t r o m e t e r  

The o b j e c t i v e s  of  t h i s  expe r imen t  a r e  t o  map t h e  s u r f a c e  
and lower  a tmosphere  i n  u l t r a v i o l e t  ( u l t r a v i o l e t  c a r t o g r a p h y )  
and t o  s t u d y  t h e  t e m p e r a t u r e  and s t r u c t u r e  i n  t h e  uppel- 
a tmosphere  ( u l t r a v i o l e t  aeronomy) .  

The exper imen t  w i l l  measure :  l o c a l  a t m o s p h e r i c  
p r e s s u r e s  which can  be  r e l a t e d  t o  e l e v a t i o n s  o v e r  a  ma jo r  
p a r t  of  Mars; l o c a l  c o n c e n t r a t i o n s  of  ozone;  r e f l e c t a b i l i t ; ]  
of t h e  M a r t i a n  s u r f a c e  i n  t h e  n e a r - u l t r a v i o l e t  and p r o v i d e  
UV s t u d i e s  of  t h e  "wave of d a r k e n i n g "  c l o u d s  and t h e  b l u e  
haze -b lue  c l e a r i n g .  

D e t e c t i o n  of  ozone cou ld  y i e l d  c l u e s  a s  t o  tile p o s s i  i l h y  
o f  l i f e  forms on Mars.  B i o l o g i c a l  a c t i v i t i e s  can  prodrxce 
m o l e c u l a r  oxygen which can  l e a d  t o  t h e  f o r m a t i o n  of ozone. If  
t h e  measurement o f  ozone i s  a t  h i g h  enough l e v e l s ,  t h e L i  t h e  
p o s s i b i l i t y  e x i s t s  t h a t  l i f e  may be  p r e s e n t .  T h i s  l e v e l  n o u r d  
have t o  exceed  what c o u l d  be e x p l a i n e d  by o t h e r  n o n - b i o l o g i c a l  
p r o c e s s e s .  F i n a l  d e t e r m i n a t i o n o f  t h e  l i f e  q u e s t i o n ,  r,c:ever, 
w i l l  depend on a l a n d e d  sys t em w i t h  measurements t a k e n  a: the 
s u r f a c e .  
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The UV exper imen t  w i l l  a l s o  y i e l d  d a t a  on a t m o s p h e r i c  
d e n s i t y ,  t e m p e r a t u r e s  r e l a t i v e  t o  a l t i t u d e  i n  t h e  upper  
a tmosphere  and t h e  amount o f  UV which s t r i k e s  t h e  s u r f a c e  
of  Mars .  UV i s  d e a d l y  t o  l i f e  forms.  The amount r e a c h i n g  
t h e  s u r f a c e  of  Mars c o u l d  have a b e a r i n g  on t h e  q u e s t i o n  of 
l i f e  on Mars, a l t h o u g h  s h i e l d i n g  a g a i n s t  UV would b e  r e l a t i v e l y  
s i m p l e .  The v a r i a t i o n  of a t m o s p h e r i c  c o n s t i t u e n t s  w i t h  s e a s o n  
w i l l  be a l s o  d e t e c t a b l e  as t h e  m i s s i o n  p r o g r e s s e s .  

P r i n c i p a l  i n v e s t i g a t o r  f o r  t h i s  e x p e r i ~ n e n t  i s  D r .  C h a r l e s  
B a r t h  o f  t h e  U n i v e r s i t y  o f  Colorado.  

I n f r a r e d  I n t e r f e r o m e t e r  S p e c t r o m e t e r  ( I R I S )  

T h i s  expe r imen t  w i l l  measure r a d i a t i o n  i n  i n f r a r e d  
wave leng ths  f rom t h e  s u r f a c e  and a tmosphere  of Mars t o  
p r o v i d e  i n f o r m a t i o n  on a wide r a n g e  of p h y s i c a l  c h a r a c t e r i s t i c s  
o f  Mars. 

I n  g e n e r a l ,  t h e  d a t a  w i l l  p r o v i d e  a p i c t u r e  of  t h e  c i r -  
c u l a t i o n  o f  t h e  a tmosphere  and compos i t ion  o f  t h e  s u r f a c e .  

I n  d e t a i l  t h e  expe r imen t  i s  e x p e c t e d  t o  y i e l d  c o n s t i t u e n t s  
o f  t h e  a tmosphere ,  i n c l u d i n g  t h e  i m p o r t a n t  measurement of  t h e  
amount o f  w a t e r  v a p o r ;  t e m p e r a t u r e s  and  p r e s s u r e s  a t  t h e  
s u r f a c e ,  t e m p e r a t u r e  p r o f i l e  of t h e  a tmosphere ,  m a t e r i a l s  on 
t h e  s u r f a c e ,  and  d e t e r m i n a t i o n  of t h e  compos i t ion  of t h e  p o l a r  
c a p s ,  f r o z e n  ca rbon  d i o x i d e ,  f r o z e n  w a t e r  o r  a m i x t u r e  of 'bo th ,  

Although a t m o s p h e r i c  and s u r f a c e  d a t a  w i l l  p r o v i d e  a b a s i s  
f o r  b i o l o g i c a l  i n f e r e n c e s ,  t h e  q u e s t i o n  of  l i f e  on Mars w i l l  
o n l y  b e  r e s o l v e d  when a l a n d e d  sys t em can  t a k e  measurements  a t  
t h e  s u r f a c e .  

The p r i n c i p a l  i n v e s t i g a t o r  i s  D r .  Rudolph Hane l ,  Goddard 
Space  F l i g h t  C e n t e r .  

S-Band O c c u l t a t i o n  Experiment  

T h i s  expe r imen t  h a s  been  s u c c e s s f u l l y  per formed by f l y b y  
s p a c e c r a f t  a t  Venus i n  1967 and a t  Mars i n  1965 and 1969 .  The 
two l a t t e r  m i s s i o n s  y i e l d e d  t h r e e  p a i r s  of o c c u l t a t i o n  measure- 
men t s .  The ' 7 1  o r b i t i n g  m i s s i o n  w i l l  p r o v i d e  up t o  1 0 0  p a i r s  
f rom t h e  two s p a c e c r a f t  i n  t h e  90-day m i s s i o n s .  A p a i r  i c c l u d e s  
measurements  when t h e  s p a c e c r a f t  d i s a p p e a r s  b e h i n d  t h e  p l a n e t  
and r e a p p e a r s .  

- more - 



MARINER INFRARED INTERFEROMETER SPECTROMETER 
(TO MEASURE GASES, PARTICLES, TEMPERATURES ON AND ABOVE MARS SURFACE) 

3-POSITION MIRROR 
PERISCOPE / SPACE VIEW PORT 

SPECIAL END PANE 
(WARM REFER.) 

LIGHT FROM MARS 

FILTER ALLOWS CERTAIN 
RANGE OF INFRARED LIGHT 
TO PASS THROUGH 

ELECTRONICS CONVERTS 
DETECTOR CURRENT TO 
PULSES FOR RADIO 
MESSAGE CODING 

MOTOR 

COLLECTOR MIRROR 

P 

SEMI-TRANSPARENT / BEAMSPLITTER 

DETECTOR SENSES WAVE INTERFERENCE CAUSED BY MOVABLE 
MOVABLE MIRROR CHANGES DISTANCE TRAVELED MIRROR. ANALYSIS OF INTERFERENCE PATTERNS IDENTIFIES 
BY REFLECTED WAVES, WHICH THEN STRENGTHEN GASES AND PARTICLES AFFECTING INFRARED RADIATION 

CANCEL OUT (INTERFEW WITH) WAVES PASSING THROUGH SURFACE AND ATMOSPHERE OF MARS. 
REFLECTED BACK TO BEAMSPBInER BY FIXED MIRROR ANALYSIS P E ~ ~ ~ ; ~ E W A T ~ R E S .  



The o c c u l t a t i o n  exper imen t  on t h e  "71 m i s s i o n  w i l l  
p r o v i d e  m u l t i p l e  measurements  of t h e  r a d i u s  of  Mars,  
a t m o s p h e r i c  p r e s s u r e s ,  and v e r t i c a l  s t r u c t u r e ,  e l e c t r o n  
d e n s i t y  p r o f i l e  of t h e  i o n o s p h e r e  and s u r f a c e  cha rac teu . r i , ; t i c s  
and r a d i u s  measurements .  

T h i s  exper iment  u t i l i z e s  t h e  r a d i o  s i g n a l s  t r a n s m i t t e d  
from t h e  s p a c e c r a f t  t o  E a r t h  and does  n o t  r e q u i r e  on-board 
equipment .  It dozs  r e q u i r e  an o r b i t a l  p a t h  t h a t  p a s s e s  
beh ind  Mars a s  s e e n  from E a r t h ,  t h u s  o c c u l t i n g  t h e  spaee-  
c r a f t  f rom t h e  view o f  t r a c k i n g  s t a t i o n s .  

A s  t h e  s p a c e c r a f t  c u r v e s  b e h i n d  Mars,  i t s  r a d i c  
s i g n a l  w i l l  p a s s  t h r o u g h  t h e  M a r t i a n  atmospflere and be 
c u t  o f f  a t  t h e  s u r f a c e .  The s i g n a l  w i l l  r e a p p e a r  a s  t h e  
s p a c e c r a f t  comes ou t  f rom beh ind  t h e  p l a n e t  and a g a i n  t h e  
r a d i o  s i g n a l  w i l l  p a s s  t h r o u g h  t h e  p l a n e t ' s  a tmosphere .  

The a tmosphere  w i l l  r e f r a c t  t h e  r a d i o  waves,  changing  
them i n  f r equency  and s t r e n g t h .  Measurements on E a r t h  of 
t h e s e  changes  i n  t h e  r a d i o  s i g n a l  y i e l d  t h e  d a t a  on t h e  
d e n s i t y  and p r e s s u r e  of  t h e  a tmosphere .  

S i m i l a r  changes i n  t h e  a tmosphere  o f  Mars a r e  caused  
by e l e c t r o ~  d e n s i t y  and a r e  a l s o  measureab le .  

The c u t t i n g  o f f  of  t h e  s i g n a l  a t  t h e  s u r f a c e  and 
re sumpt ion  of t h e  s i g n a l  as t h e  s p a c e c r a f t  comes o u t  from 
b e h i n d  t h e  p l a n e t  Mars, p r o v i d e s  d a t a  f o r  c a l c u l a t i o n  cf  
t h e  r a d i u s  and shape  o f  Mars. 

D e t e r m i n a t i o n  of  t h e  a t m o s p h e r i c  d e n s i t y  o f  Mars i s  
v i t a l  t o  t h e  d e s i g n  of  f u t u r e  l a n d i n g  c r a f t  ,- and i s  a  
c r i t i c a l  f a c t o r  i n  t h e  r e s o l u t i o n  of i m p o r t a n t  s c i e n t i f i c  
q u e s t i o n s  on t h e  n a t u r e  o f  t h e  p l a n e t .  

The p r i n c i p a l  i n v e s t i g a t o r  i s  D r .  Arvydas K l i o r e  of  
JPL. 

C e l e s t i a l  Mechanics 

Radio t r a c k i n g  o f  two o r b i t i n g  s p a c e c r a f t  o v e r  a  p e r i o d  
o f  t i m e  i s  e x p e c t e d  t o  p r o v i d e  a  more a c c u r a t e  d e s c r i p t i o n  
of t h e  M a r t i a n  g r a v i t y  f i e l d  t h a n  p r o v i d e d  by t h e  o r b i t s  o f  
t h e  two moons of Mars and r e f i n e m e n t  of t h e  a s t r o n o m i c a l  unit 
( t h e  d i s t a n c e  from t h e  Sun t o  E a r t h ,  a b a s i c  a s t r o n o m i c a l  y a r d  
s t i c k )  t o  a  f r a c t i o n  of a m i l e .  T h i s  accuracy  of  t h e  expected 
AU r e f i n e m e n t  i s  u n p r e c e d e n t e d .  

- more - 



T h i s  exper iment  d e r i v e s  i t s  r e s u l t s  from s p a c e c r a f t  
t r a c k i n g  i n f o r m a t i o n  and does  n o t  r e q u i r e  s p e c i a l  h a r d w ~ ~ r e  
on t h e  s p a c e c r a f t .  

The o b j e c t i v e s  of  t h e  exper iment  i n c l u d e s  measllre~-.ier:ts 
o f  t h e  mass of  Mars; t h e  Earth-Moon mass r a t i o  and ':he a i s t a n c e  
from E a r t h  t o  Mars. Long-range o b j e c t i v e s  a r e  t o  o b t a i n  an 
improved ephemer is  o f  Mars ( i t s  p o s i t i o n  a t  g i v e n  tires i n  ~ t s  
s o l a r  o r b i t )  t o  a  h i g h  o r d e r  of  a c c u r a c y  and t o  a t t e m p t  co 
measure Genera l  R e l a t i v i s t i c  e f f e c t s  on o r b i t a l  mot ions  and  
s i g n a l  p r o p a g a t i o n .  

Improving t h e  ephemer is  of  Mars i s  p a r t  of an  exisc9i:p 
NASA/JFL p r o j e c $  t o  improve t h e  ephemer ides  of  a l l  she inne-- 
p l a n e t s .  The Mar ine r  t r a c k i n g  d a t a  w i l l  be  combined witr 
r a d a r  and o p t i c a l  t e l e s c o p e  d a t a  t o  a c h i e v e  t h e  r e s u l t s ,  

The team l e a d e r  i s  D r .  J .  L o r e l l  o f  J P L .  The other 
p r i n c i p a l  i n v e s t i g a t o r  i s  D r .  I r w i n  I .  S h a p i r o  of  t h e  
M a s s a c h u s e t t s  I n s t i t u t e  of  Technology.  

- more - 



MARINER MARS -- 1971 SCIENCE EXPERIMENTS AND INVESTIGATORS 
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T e l e v i s i o n  ( c o n t  'd) 

Merton Davies  Rand C o r p o r a t i o n  C C - I  7 -5 , i - 
D r .  Wi l l i am Hartmann 

D r .  Rober t  L e i g h t o n  

I l l i n o i s  I n s t i t u t e  of 
Technology,  Resea rch  
I n s t i t u t e ,  Tucson 

C a l i f o r n i a  I n s t i t u t e  of i f  

Technology 

D r .  Conway B.  Leovy U n i v e r s i t y  o f  Washington I I 

D r .  Bruce C .  Murray C a l i f o r n i a  I n s t i t u t e  o f  I 

Technology 

D r .  Rober t  P. Sharp  7s 

I n f r a r e d  I n t e r f e r o m e t e r  S p e c t r o m e t e r  

D r ,  Rudolph A .  Hanel Goddard Space F l i g h t  
C e n t e r  

D r .  Barney J. Conra th  I s  

D r .  W .  A .  Hovis 

V i r g i l  Kunde 

D r .  G i l b e r t  V .  Levin  I! 

D r .  P .  D .  Lowman I I 

D r .  Cuddapah Prabhakara  

Benjamin Schlachrnan 

I n f r a r e d  Radiometer  

D r .  Gerry  Neugebauer 

S t i l l m a n  Chase 

D r .  Hugh K .  K i e f f e r  

C a l i f o r n i a  I n s t i t u t e  Pr>-Lnr 'irih i 

o f  Technology 1nvestiga;c 7 

S a n t a  Barba ra  Resea rch  Co-2 ive--l- - ~ t c r ;  
C e n t e r  

U n i v e r s i t y  of  C a l i f o r n i a  !I 

a t  Los Angeles 
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I n f r a r e d  Radiometer  ( c o n t ' d )  

D r .  E l l i s  D .  Miner J e t  P r o p u l s i o n  L a b o r a t o r y  Co-In7esclgacor 

D r .  Guido Munch C a l i f o r n i a  I n s t i t u t e  o f  
Technology 

U l t r a v i o l e t  S p e c t r o m e t e r  

D r .  C h a r l e s  A ,  B a r t h  U n i v e r s i t y  o f  Colorado 7 r i n c .  i p a l  
Tnvezt  Pgat or 

D r .  C h a r l e s  W .  Hord Y I Cc-Inyes",T,~ator - 

J e f f r e y  B. P e a r c e  11 I' 

C e l e s t i a l  Mechanics 

J a c k  Lorell-Team Leader  J e t  P r o p u l s i o n  L a b o r a t o r y  P r i n c ~ p a l  
I n v e s . ~ l g a t o r  

D r .  John  D .  Anderson 11  Co-Investigator 

Warren L. M a r t i n  11 I I 

D r .  I r w i n  I .  S h a p i r o  M a s s a c h u s e t t s  I n s t i t u t e  Pri_ric ~ p e i  
of  Technology Inves c9gacc r  

D r .  Michae l  E, Ash L i n c o l n  Lab Co-investigator 

W i l l i a m  B. Smith I I C' 

S-Band O c c u l t a t i o n  

D r .  Arvydas K l i o r e  J e t  P r o p u l s i o n  L a b o r a t o r y  P r incPpa ;  
I n v e s t i g a ~ e r  

Dan L.  Cain  I I Co-Investigator 

D r .  Gunner F j e l d b o  11 1F 

D r .  S .  I .  Rasool  Goddard I n s t i t u t e  of Space ~t 

S t u d i e s  

B o r i s  L. S e i d e l  J e t  P r o p u l s i o n  L a b o r a t o r y  g 
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ATLAS-CENTAUR LAUNCH VEHICLE 

The launches  of  Mariners  H and I mark t h e  t h i r d  and 
f o u r t h  t imes  Atlas-Centaur launch v e h i c l e s  have been used  
i n  t h e  Mariner program. They were used t o  launch success -  
f u l l y  Mariners 6 and 7 t o  Mars i n  1 9 6 9 .  

The AC-23 and AC-24 v e h i c l e s  have been a s s igned  t o  
Mariner Mars ' 71 .  

Centaur,  developed under t h e  d i r e c t i o n  of  t h e  Natii1~zi.L 
Aeronaut ics  and Space A d m i n i s t r a t i o n ' s  Lewis Resea rc t  Center, 
was t h e  f i r s t  U.S. r o c k e t  t o  use t h e  high-energy l i q u i d  
hydrogen/ l iquid  oxygen combination.  Flown wi th  an A t l a s  
b o o s t e r  s o  f a r ,  Centaur i s  i n  t h e  p roces s  of  be ing  integrated 
with  t h e  T i t a r ~  I11 t o  launch Viking s p a c e c r a f t  t o  Mars i n  -914 

The a b i l i t y  o f  t h e  At las-Centaur  t o  launch t h e  much 
g r e a t e r  weight o f  t h e  Mariner H and I s p a c e c r a f t ,  a p p r a x i > ~ a t e l g  
2,200 pounds (998 k i lograms)  compared wi th  t h e  850-pound 
(385-kilogram) weight  o f  Mariners 6 and 7 ,  i s  due p r i m a r i l y  
t o  t h e  more f a v o r a b l e  p o s i t i o n  of t h e  p l a n e t  Mars i n  relat3.cn 
t o  t h e  Ea r th  t h i s  y e a r .  Such a  f avo rab l e  al ignment GE tl?e 
two p l a n e t s  w i l l  no t  occur  aga in  u n t i l  t h e  1 9 8 o y s .  

Some changes a l s o  have been made t o  t h e  C e n t a u ~  s t a p s  
t o  i n c r e a s e  t h e i r  payload c a r r y i n g  c a p a b i l i t y .  AC-23 2nd 
AC-24  w i l l  use  a d i r e c t  a s c e n t ,  s i n g l e  burn t r a j e c t o r y  t o  
Mars. Because t h e  Centaur eng ines  w i l l  be i g n i t e d  o n l y  or;e 
i n  space ,  i t  was p o s s i b l e  t o  remove f o u r  three-pound thrbusc  
eng ines  normally used t o  keep p r o p e l l a n t s  s e t t l e d  i n  t h e  
t anks  d u r i n g  c o a s t  p e r i o d s .  B a f f l e s  used t o  p o s i t i o n  p r c -  
p e l l a n t s  i n  a w e i g h t l e s s  environment have a l s o  been remoT/ed 
f o r  t h i s  mi s s ion .  Because of  t h e  s ing le -burn  miss ion ,  
ano the r  sma l l  weight  ga in  was r e a l i z e d  by s u b s t i t u t i n g  a 
s m a l l e r  helium t ank .  Helium i s  used t o  p r e s s u r i z e  t h e  pr3- 
p e l l a n t  t anks  dur ing  f l i g h t .  

AC-23 and 2 4  c o n s i s t  o f  an A t l a s  SLV-3C b o o s t e r  ccniblned 
w i t h  a Centaur second s t a g e .  The two s t a g e s  a r e  10 f e e t  
(3 .05 me te r s )  i n  d iamete r  and a r e  connected wi th  an in ters l ;a .ge  
a d a p t e r .  Both A t l a s  and Centaur s t a g e s  r e l y  on i n t e r n a l  
p r e s s u r i z a t i o n  f o r  s t r u c t u r a l  i n t e g r i t y .  

The A t l a s  b o o s t e r  develops  403,000 pounds of  t h r u s t  a t  
l i f t o f f ,  u s i n g  two 171,000-pound-thrust b o o s t e r  eng ines ,  one 
60,000-pound-thrust s u s t a i n e r  engine  and two v e r n i e r  eng ines  
deve lop ing  690 pounds t h r u s t  each.  



Centaur c a r r i e s  i n s u l a t i o n  p a n e l s  and a nose f a i r i n g  
which a r e  j e t t i s o n e d  a f t e r  t h e  v e h i c l e  l e a v e s  t h e  E a r t h ' s  
atmosphere. The i n s u l a t i o n  p a n e l s ,  weighing about 1 , 2 0 0  
pounds (544 k i l og rams) ,  surround t h e  second s t a g e  p r o p e l l e n t  
t anks  t o  p reven t  h e a t  o r  a i r  f r i c t i o n  from caus ing  excess fve  
bo i l -o f f  o f  l i q u i d  hydrogen du r ing  f l i g h t  through t h e  atmos- 
phere .  The nose f a i r i n g  p r o t e c t s  t h e  payload.  

To d a t e  Centaur has  s u c c e s s f u l l y  launched t h e  seven 
unmanned Surveyor s p a c e c r a f t  t o  t h e  Moon, Mariners 6 and 7, 
and O r b i t i n g  Astronomical  Observatory 2 ,  App l i ca t i ons  Teeh- 
nology S a t e l l i t e  5 and t h e  f i r s t  I n t e l s a t  4 .  



L a u n c h  V e h i c l e  C h a r a c t e r i s t i c s  

* L i f t o f f  w e i g h t  i n c l u d i n g  s p a c e c r a f t :  3 2 4 , 4 3 2  p o u n d s  
( 1 4 7 , 1 3 0  k i l o g r a m s )  

L i f t o f f  h e i g h t :  1 1 3  f e e t  ( 3 4 , 4  m e t e r s )  

L a u n c h  c o m p l e x e s  : 3 6 A & B  

L a u n c h  a z i m u t h  s e c t o r :  8 1  - 1 0 8  d e g r e e s  

SLV-3C B o o s t e r  -. C e n t a u r  S t a y s  

**Weight  : 

H e i g h t :  

T h r u s t  : 

P r o p e l l a n t s :  

P r o p u l s i o n :  

V e l o c i t y :  

G u i d a n c e :  

2 8 3 , 5 7 7  I b s .  3 7 , 6 5 7  l b s .  (17,077 k g , )  
( 1 2 8 , 6 0 2  k g . )  

7 5  f e e t  ( 2 2 . 9  4 8  f e e t  ( 1 4 - 6  meters) 
m e t e r s )  ( i n c l u d i n g  ( w i t h  p a y l o a d  f a i r i n g )  
i n t e r s t a g e  a d a p t e r )  

4 0 3 , 0 0 0  l b s .  ( s e a  3 0 , 0 0 0  l b s .  (vacuum)  
l e v e l )  

L i q u i d  o x y g e n  a n d  L i q u i d  h y d r o g e n  a n d  
RP-1 l i q u i d  o x y g e n  

MA-5 s y s t e m  ( t w o  Two 1 5 , 0 0 0 - p o u n d - t h r u s t  
1 7 1 , 0 0 0 - l b s .  - t h r u s t  RL-10 e n g i n e s ,  Ten s m a l l  
e n g i n e s ,  o n e  6 0 , 0 0 0 -  h y d r o g e n  p e r o x i d e  
l b  . - s u s  t a i n e r  t h r u s t e r s  . 
e n g i n e  a n d  two 690-  
l b  . - t h r u s t  v e r n i e r  
e n g i n e s )  

5 , 7 6 6  mph ( 2 , 5 7 7  2 2 , 3 9 2  mph (90,OBO mjs) 
m e t e r s - p e r - s e c o n d )  a t  s p a c e c r a f t  separation 
a t  B E C O  
8 , 3 7 2  mph ( 3 , 7 4 2  
m / s )  a t  SECO 

P r e - p r o g r a m m e d  p i t c h  I n e r t i a l  g u i d a n c e  
rates t h r o u g h  BECO 
S w i t c h  t o  C e n t a u r  
i n e r t i a l  g u i d a n c e  
f o r  s u s t a i n e r  p h a s e .  

* M e a s u r e d  a t  two i n c h e s  ( 5 . 0 8  c e n t i m e t e r s )  o f  r i s e  
* * W e i g h t s  a r e  b a s e d  o n  AC-23 c o n f i g u r a t i o n .  AC-24 v a r i e s  

o n l y  s l i g h t l y .  
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F l i g h t  Sequence 

F l i g h t  sequences  of  t h e  AC-23 and AC-24 r o c k e t  v e h i c l e s  
a r e  b a s i c a l l y  t h e  same w i t h  t i m e s  v a r y i n g  o n l y  a second o r  
two i n  some c a s e s  as n o t e d  on t h e  accompanying c h a r t s ,  ?'he 
f o l l o w i n g  sequence  d e s c r i p t i o n  i s  f o r  AC-24 on May 7. 

Atlas Phase 

A f t e r  l i f t o f f ,  AC-24 w i l l  r i s e  v e r t i c a l l y  f o r  abou t  15 
seconds  b e f o r e  b e g i n n i n g  i t s  p i t c h  program. S t a r t i n g  a t  ~ w c  
seconds  a f t e r  l i f t o f f  and c o n t i n u i n g  t o  T+15 s e c o n d s ,  t h e  
v e h i c l e  w i l l  r o l l  t o  t h e  d e s i r e d  f l i g h t  az imuth .  

A f t e r  148 seconds  of f l i g h t ,  t h e  b o o s t e r  e n g i n e s  a r e  
s h u t  down (EECO) and j e t t i s o n e d .  BECO o c c u r s  when an  
a c c e l e r a t i o n  of 5 .7  g P s  i s  s e n s e d  by a c c e l e r o m e t e r s  on 
t h e  Cen tau r  and t h e  s i g n a l  i s  i s s u e d  by t h e  Cen tau r  gu idance  
s y s t e m ,  The b o o s t e r  package i s  j e t t i s o n e d  3 . 1  seconds  a f t e r  
BECO, The Atlas s u s t a i n e r  e n g i n e  c o n t i n u e s  t o  bu rn  f o r  
a p p r o x i m a t e l y  a n o t h e r  minu te  and 43 seconds  p r o p e l - l i n g  t h e  
v e h i c l e  t o  an  a l t i c u d e  o f  abou t  87 m i l e s  (148 k i l o m e t e r s ) ,  
a t t a i n i n g  a speed  of 8 ,300 mph (3 ,710 m/s) .  

S u s t a i n e r  e n g i n e  c u t o f f  (SECO) o c c u r s  a t  p r o p e l l a n t  
d e p l e t i o n .  Cen tau r  i n s u l t a t i o n  p a n e l s  and nose  f a i r i n g  
a r e  j e t t i s o n e d  p r i o r  t o  SECO. 

The Atlas and Cen tau r  s t a g e s  a r e  t h e n  s e p a r a t e d .  An 
e x p l o s i v e  shaped  c h a r g e  s l i c e s  t h r o u g h  t h e  i n t e r s t a g e  a d a p t e r ,  
R e t r o r o c k e t s  mounted on t h e  Atlas s low t h e  s p e n t  s t a g e ,  

Cen tau r  Phase  

A t  f o u r  m i n u t e s ,  22 seconds  i n t o  t h e  f l i g h t ,  t h e  
C e n t a u r P s  two RL-10 e n g i n e s  i g n i t e  f o r  a p lanned  seven-  
minu te  34-second b u r n .  T h i s  w i l l  p l a c e  Cen tau r  and t h e  
s p a e e c r a f t  on a n  i n t e r p l a n e t a r y  t r a j e c t o r y  a t  a speed  o f  
abou t  24,714 mph (11,050 m / s ) .  A f t e r  MECO, t h e  Cen tau r  
s t a g e  and s p a c e c r a f t  a r e  r e o r i e n t e d  w i t h  t h e  Cen tau r  
a t t i t u d e  c o n t r o l  t h r u s t e r s  t o  p l a c e  t h e  s p a c e c r a f t  on 
t h e  p r o p e r  t r a j e c t o r y  a f t e r  s e p a r a t i o n .  

S e p a r a t i o n  of  t h e  Mar ine r  s p a c e c r a f t  i s  a c h i e v e d  b y  
f i r i n g  e x p l o s i v e  b o l t s  on a V-shaped m e t a l  band h o l d i n g  
t h e  s p a c e c r a f t  t o  t h e  a d a p t e r ,  Compressed s p r i n g s  then. 
push  t h e  s p a e e c r a f t  away from t h e  Cen tau r  v e h i c l e  a t  a 
r a t e  o f  2 , l  f ee t -pe r - second  ( 0 . 6  m e t e r s - p e r - s e c o n d ) ,  

- more - 



Retromaneuver 

Seven and a  h a l f  minutes a f t e r  s p a c e c r a f t  s e p a r a t i o n ,  
t h e  Centaur s t a g e  a t t i t u d e  c o n t r o l  t h r u s t e r s  a r e  used t o  
r e o r i e n t  t h e  v e h i c l e .  The remaining l i q u i d  and gaseous 
p r o p e l l a n t s  a r e  t hen  ven ted .  

The retromaneuver i n s u r e s  t h a t  t h e r e  i s  no p o s s i b i l i t y  
of  c r a sh ing  i n t o  t h e  p l a n e t  and thereby  v i o l a t i n g  t h e  Martian 
qua ran t ine  r e s t r a i n t .  The spen t  Centaur s t a g e  w i l l  go i n t o  a 
s o l a r  o r b i t .  It w i l l  p a s s  Mars a t  a d i s t a n c e  of  approximately 
a  m i l l i o n  mi l e s  (1,600,000 k i l o m e t e r s ) .  



LAUNCH OPERATIONS 

The Unmanned Launch Operations (ULO) Directorate at 
the John F. Kennedy Space Center (KSC) is responsible far 
the preparation and launch of unmanned spacecraft from 
Florida. For the Mariner "71 missions, ULO will have an 
added responsibility -- launching two Atlas-Centaur vehlcles 
from Complex 36 within a 10-day period. 

The spacecraft are delivered to the Cape from JPL abo3.t 
three months prior to launch and are placed in a clean room 
environment for final verification tests. 

The preparations for these launches are somewhat sirni lar  
to the Mariner '69 missions which were launched about a m n t k  
apart. With a tighter launch frame for Mariner '71, the 
logistics involved in getting both vehicles ready ard se r )ed-  
uling of key launch personnel is much more difficult. All of 
the hardware is fit-checked to assure that it will ke a d a s ~ a k l ~  
to either vehicle and a pool of spares is established for bcz!,, 

The key members of the launch team move from one vehicle 
to the other as required, and a small crew stays with the 
vehicle not undergoing major testing in order to monitor 
systems and maintain quality surveillance. 

In providing launch operations, KSC handles scheduling 
of test milestones and review of data to assure that the 
launch vehicle has met all of its test requirements and is 
ready for launch. 

Because of the relatively short launch opportunity, a 
special effort was made by the ULO team to develop a work 
schedule that permits sufficient time to check out both 
vehicles. Atlas-Centaur No. 23 was erected on Pad 3 6 ~  In 
December 1970 and vehicle No. 24 was placed on Pad 3hA i l l  

February, 1971. Procurement and management of the lau-nc h 
vehicles is directed by the NASA Lewis Research Center, 

The Terminal Countdown Demonstration (TCD) was c o ~ d ~ c t e d  
about seven weeks prior to launch using an encapsulated pro5o- 
type model of the Mariner spacecraft. The TCD primarily 
demonstrated that all of the functions leading to the sctual 
countdown can be performed. It was an end-to-end check of 
all systems and included propellant loading of both la~neh 
vehicle stages to verify the tanks and facilities were ready 
for the countdown. 

- more - 



Fol lowing  t h i s ,  t h e  J o i n t  F l i g h t  Acceptance  Composite 
T e s t  (J-FACT) was conduc ted  abou t  s i x  weeks b e f o r e  l a u n c h  
t o  a s s u r e  t h a t  t h e  v e h i c l e  was e l e c t r i c a l l y  r e a d y  f o r  f i n a l  
l a u n c h  p r e p a r a t i o n s  and t h a t  t h e  p r o p e r  c o n n e c t i o n s  were 
made w i t h  t h e  s p a c e c r a f t .  The J-FACT i n c l u d e d  r u n n i n g  t h e  
computer  and programmer t h r o u g h  p o s t  f l i g h t  e v e n t s  and 
m o n i t o r i n g  t h e  d a t a  t o  a s s u r e  c o r r e c t  r e s p o n s e  t o  a 4 1  
s i g n a l s  w i t h  t h e  u m b i l i c a l  e j e c t e d .  

A f t e r  AC-24 was e r e c t e d  and t h e  b a s i c  sys t ems  were 
checked o u t ,  t h e  p r o t o t y p e  model was t r a n s f e r r e d  o v e r  from 
AC-23. The TCD on t h i s  v e h i c l e  was conduc ted  abou t  s i x  
weeks p r i o r  t o  i t s  l a u n c h ,  f o l l o w e d  by t h e  J-FACT a week 
l a t e r .  

I n  l a t e  A p r i l ,  t h e  M a r i n e r  H s p a c e c r a f t  was mated on 
AC-24 and an  e l e c t r i c a l  and mechan ica l  t e s t  was conducted  
p r i o r  t o  r u n n i n g  a second J-FACT. Mar ine r  I was e n c a p s u l a t e d  
b u t  w i l l  n o t  be  mated t o  AC-23 u n t i l  Mar ine r  H i s  s u c c e s s f u l l y  
l a u n c h e d .  

A t  t h i s  p o i n t ,  i t  would have been  p o s s i b l e  t o  l a u n c h  e i t h e r  
s p a c e  v e h i c l e  on e i t h e r  of  t h e  two m i s s i o n s .  However, AC-24 
was s e l e c t e d  f o r  t h e  f i r s t  m i s s i o n  and a n  e l e c t r i c a l - m e c h a n i c a l  
t e s t  and a second J-FACT i s  s c h e d u l e d  i n  e a r l y  May f o r  A.C-23 a s  
an  added a s s u r a n c e  f o r  a s u c c e s s f u l  f l i g h t .  

The Countdown Read iness  T e s t  i s  s c h e d u l e d  f o r  b o t h  s p a c e  
v e h i c l e s  abou t  f o u r  days  b e f o r e  l a u n c h .  It v e r i f i e s  t h e  a b i l i t y  
o f  t h e  l a u n c h  v e h i c l e  t o  go t h r o u g h  p o s t - l i f t o f f  e v e n t s  and 
r e v a l i d a t e s  t h e  u m b i l i c a l  sys t em.  The r a n g e  s , u p p o r t e l e r n e n t s  
p a r t i c i p a t e  a l o n g  w i t h  t h e  s p a c e c r a f t  and l a u n c h  v e h i c l e  j u s t  
as d u r i n g  a l a u n c h .  

The F-1 Day F u n c t i o n a l  T e s t  i n v o l v e s  f i n a l  p r e p a r a t i o n s  
i n  g e t t i n g  t h e  e n t i r e  s p a c e  v e h i c l e  r e a d y  f o r  l a u n c h ,  p r e p a r i n g  
ground s u p p o r t  equipment ,  comple t ing  r e a d i n e s s  p r o c e d u r e s  and 
i n s t a l l i n g  o rdnance  on t h e  l a u n c h  v e h i c l e .  

The f i n a l  countdown i s  p i c k e d  up a t  T-450 m i n u t e s ,  A l l  
sy s t ems  a r e  checked a g a i n s t  r e a d i n e s s  p r o c e d u r e s ,  e s t a b l i s h i n g  
t h e  i n t e g r i t y  o f  t h e  v e h i c l e  and ground s u p p o r t  equipment 
i n t e r f a c e  p r i o r  t o  tower  removal  a t  T-120 m i n u t e s .  Loading 
o f  c r y o g e n i c  p r o p e l l a n t s  ( l i q u i d  oxygen and l i q u i d  hydrogen)  
b e g i n s  a t  T-80 m i n u t e s ,  c u l m i n a t i n g  i n  comple te  v e h i c l e  
r e a d i n e s s  a t  T-5 m i n u t e s .  The t e r m i n a l  coun t  b e g i n s  moni- 
t o r i n g  a l l  sys t ems  and t o p p i n g  o f f  and v e n t i n g  p r o p e l l a n t  
and purge  s y s t e m s .  A t  T-10 s e c o n d s ,  t h e  a u t o m a t i c  r e l e a s e  
sequence  i s  i n i t i a t e d  and t h e  s p a c e  v e h i c l e  i s  c l e a r  f o r  
l i f t o f f .  

- more - 



TRACKING AND DATA SYSTEM AND MTSSION OPRRATTCPrS --- 

With f a c i l i t i e s  l o c a t e d  around t h e  E a r t h  and s o r e  ne~\ ~ t e n  - 
of  equipment ,  NASA's Deep Space Network (DSN) w i l l  be  =1':1? c c  
s u p p o r t  b o t h  Mar iner  ' 7 1  s p a c e c r a f t  a lmos t  c o n t i n u a l l y  - 5 l - 1 ~  0,121 
t h e i r  s i x  and one h a l f  month f l i g h t  t o  Mars and 90-days 11 o -  
f o r  t h e  b a s i c  m i s s i o n ,  p l u s  o v e r l a p p i n g  s t a t i o n  coverage  r , , > - ~ t i ~  

c r i t i c a l  e v e n t s .  

A l l  DSN s t a t i o n s  a r e  equipped w i t h  new t e l e m e c r ~  - ~ l > r n e n ~  
c a p a b l e  of  r e c e i v i n g ,  d a t a  s y n c h r o n i z i n g ,  decod ing  ard ~ r o c e s s l ~ g  
t h e  h i g h - r a t e  t e l e m e t r y .  Some t e l ecommunica t ions  can ce  r e c e l o ~ d  
a t  v e r y  h i g h  b i t  r a t e s .  

The ne twork  i s  t i e d  t o  t h e  Space F l l g h t  O p e r a t i o n s  F a c - ~ l x  
(SFOF), t h e  Mar ine r  n e r v e  c e n t e r  a t  J P L ,  by NASA's Commux?-icacLol:s 
Network (NASCOM). New d a t a  l i n k s  p e r m i t  r e a l - t i m e  c ;ans r~Lss  9*1 

o f  n e a r l y  a l l  d a t a  from t h e  r w i n  s p a c e c r a f t  t o  t h e  SPO? 

S c i e n t i s t s  and e n g i n e e r s  s e a t e d  a t  c o n s o l e s  i n  tne STOF 
w i l l  have p u s h b u t t o n  c o n t r o l  of t h e  d i s p l a y e d  infor rnacxcr  C L L - t A  
on t e l e v i s i o n  s c r e e n s  i n  t n e  c o n s o l e s  o r  on p r o j e c t i o n  screens <3rd - - a u t o m a t i c  p l o t t e r s  and p r i n t e r s .  The p r o c e s s e d  in fo rm,?_ t j c l l  11 
be s t o r e d  i n  t h e  computer sys t em,  a v a i l a b l e  on commazd, 

T r a c k i n g  and o b t a i n i n g  d a t a  from Mar ine r s  a r e  p a r c  cl ~ n e  
m i s s i o n  a s s i g n e d  t o  J P L .  These t a s k s  c o v e r  a l l  p h a s e s  o f  t l?  
f l i g h t ,  i n c l u d i n g  t e l e m e t r y  from l a u n c h  v e h i c l e  and s o a e e c ~ - ? r  , 1 
t r a c k i n g  d a t a  on b o t h  l a u n c h  v e h i c l e  and t h e  M a r i n e r s ,  eor l ra iLd 
s i g n a l s  and t h e  d e l i v e r y  of  d a t a  t o  SFOF. 

,. - I n  t h e  l a u n c h  phase  of  t h e  m i s s i o n ,  t r a c k i n g  will b e  capr'r.23 
o u t  by DSN w i t h  a i d  of  o t h e r  f a c i l i t i e s .  These a r e  :rada:r.s or" 
A i r  F o r c e  E a s t e r n  T e s t  Range and downrange e l e m e n t s  o f  KASA7s 
Manned Space F l i g h t  Network (MSFN) t o g e t h e r  w i t h  t h e  . t i ?ack in :~  

0 

s h i p  Vanguard and a n  i n s t r u m e n t e d  j e t  a i r c r a f t ,  B o t h  s h l ?  and 
j e t  a r e  o p e r a t e d  by MSFN. 

The m i s s i o n  i s  c o m p l i c a t e d  by t h e  f a c t  t h a t  Mars)  - p o ; ~ r l ? 2  r 
6 0  m i l l i o n  m i l e s  from E a r t h  a t  t i m e  of f i r s t  encoun-LC?-, v i - i l  

move beyond 100 m i l l i o n  m i l e s  t h r o u g h  t h e  c o u r s e  of  ~ h e  l o r g  
m i s s i o n .  Meanwhile, b o t h  p l a n e t s  c o n t i n u e  moving i n  ~ h e l -  
s e p a r a t e  o r b i t s  and t u r n i n g  on t h e i r  a x e s .  



The DSN consists of nine specialized tracking facilities 
located at four points around the Earth. Largest of these, at 
Goldstone, CA, has two 85-foot (26-meter) antennas and one 
measuring 210 feet (64-meters) in diameter. Other 85's are at 
Madrid (Robledo dechavela and Cebreros), Spain; Johannesburg, 
South Africa; and Woomera and Canberra (Tidbinbilla) Australia, 
In addition a four-foot (1.2-meter) antenna at Cape Kennedy 
covers pre-launch and launch phases of the flight. 

For all of NASA's unmanned missions in deep space, such as 
planetary and Sun-orbiting spacecraft, the network provides the 
tracking information on course and direction of the flight, velocity 
and range from Earth. It also receives engineering and science 
telemetry, including planetary television coverage, and sends 
commands for spacecraft operations. All communication lrnks are 
in the S-band. 

The 210-foot (64-meter) antenna at Goldstone, capable of 
receiving eight times the volume of data of the other antennas, 
will play a special role in Mariner '71. The 210 will. transfer, 
on a daily basis, Mars TV pictures obtained and stored in each 
orbit of the planet. 

DSN will support the three months of basic orbital operations 
by acquiring data telemetered from the spacecraft at 16,200 bits 
per second through the 210-foot (64-meter) antenna. (Rates with 
the 85's are 2,025 bits per second.) Data will be routed immediately 
to SFOF, distributed to computers and other specialized processing 
machinery, to make it ready for the experimenters. 

At the same time spacecraft range and range-rate information 
will be relayed from both Mariners to SFOF. 

A new 50,000 bps digital wideband communications line will 
carry data from Goldstone to SFOF. High-speed - data links from 
all stations are capable of 4,800 bps. These new data links allcw 
real-time transmission of almost all data from both spacecraft to 
JPL-SFOF. 

The planning and analysis functions of Mariner '71 are 
carried out by special teams of engineers, including a DSN Mission 
Operations Team and a DSN Project Engineering Team. The Opera- 
tions team is responsible not only for the operation of the 
Network but coordination of near-Earth phase assistance and 
NASCOM support. The other team has charge of resources, opera- 
tions planning and configuration control. 



All of NASA's networks are under the direction of the 
Office of Tracking and Data Acquisition. JPL manages the DXN, 
while the MSFN facilities and NASCOM are managed by NASA's 
Goddard Space Flight Center, Greenbelt, MD. 

The Goldstone DSN stations are operated and maintained. by 
JPL with the assistance of the ~hilco-Ford Gorp. 

The Woomera and Tidbinbilla stations are operated by the 
Australian Department of Supply. 

The Johannesburg station is operated by the South African 
government through the National Institute for Telecommunications 
Research. 

The two stations near Madrid are operated by the Spanish 
government's Instituto Nacional de Tecnica Aerospacial (INTA), 

Mission Operations 

The Space Flight Operations Facility, designed for 24-hour-a- 
day functioning and equipped to handle multiple spaceflight 
missions concurrently, is manned by Mission Operations System 
(MOS) personnel of JPL and Philco-Ford Corp. 

Mission operations planning and analysis functions are carried 
out by five teams, including the DSN Project Engineering Team: 

A Navigation Team whose principal functions are spacecraft 
navigation and scan geometry analysis. 

A Spacecraft Team whose principal functions are spacecraft 
systems performance evaluation and prediction through telemetry 
data analysis, and the development of alternative methods of 
utilizing the spacecraft to satisfy mission requirements, 

A Science Data Handling Team to collect and coordinate 
science data processing requirements and to assemble and 
disseminate data from a data library. 

A Science Recommendation Team to analyze science data 
and recommend science operations plans and priorities, 

Real-time mission operations execution is conducted by 
three teams, including the DSN Mission Operations Team: 



A Data Processing Team which plans, schedules, coordinates, 
and troubleshoots all data processing for the Project. The team 
is also responsible for producing Master Data Records and Experi- 
ment Data Records for which the MOS is responsible. 

A Command Team continuously ensures spacecraft utilization 
in accordance with the mission operations plans. This team 
will translate mission operations plans into command sequences 
and will initiate their transmission to the spacecraft. 



MARINER MARS ' 7 1  TEAM 

O f f i c e  o f  Space S c i e n c e  and A p p l i c a t i o n s  

D r .  J o h n  E .  Naugle A s s o c i a t e  A d m i n i s t r a t o r  f o r  OSSA 

V i n c e n t  L .  Johnson Deputy A s s o c i a t e  A d m i n i s t r a t o r  f o r  O X S A  

Rober t  S.  Kraemer D i r e c t o r ,  P l a n e t a r y  Programs 

E a r l  W .  Glahn Mar ine r  ' 7 1  Program Manager 

Kenneth L .  Wadlin Mar ine r  ' 7 1  Program E n g i n e e r  

Harold F. H i p s h e r  Mar ine r  ' 7 1  Program S c i e n t , i s t  

J o s e p h  B .  Mahon D i r e c t o r ,  Launch V e h i c l e  Programs 

T. Bland N o r r i s  Manager, Medium Launch V e h i c l e s  

F. Rober t  Schmidt Manager, A t l a s - C e n t a u r  

O f f i c e  o f  T r a c k i n g  and Data A c a u i s i t i o n  

G e r a l d  M .  T r u s z y n s k i  A s s o c i a t e  A d m i n i s t r a t o r  f o r  O T D A  

Arnold C .  B e l c h e r  Network O p e r a t i o n s  

Maurice E .  B ink ley  Network Suppor t  

J e t  P r o p u l s i o n  L a b o r a t o r y ,  Pasadena ,  C A  

D r .  W i l l i a m  H .  P i c k e r i n g  L a b o r a t o r y  D i r e c t o r  

Adm. John  E .  C l a r k  Deputy L a b o r a t o r y  D i r e c t o r  

Rober t  J .  Pa rks  A s s i s t a n t  L a b o r a t o r y  D i r e c t o r  
f o r  F l i g h t  P r o j e c t s  

Dan Schneiderman P r o j e c t  Manager 

James F .  McGee A s s i s t a n t  P r o j e c t  Manager 
(Near E a r t h )  

- more - 



Edwin Pounder 

Rober t  Forney 

P a t r i c k  J .  Rygh 

Norman Haynes 

Rober t  S t e i n b a c h e r  

B r a d f o r d  Houser 

D r .  N i c h o l a s  A .  R e n z e t t i  

R icha rd  L a e s e r  

R i c h a r d  T .  Hayes 

A 1  Conrad 

A s s i s t a n t  P r o j e c t  Manager 
(Near  P l a n e t  ) 

S p a c e c r a f t  System Manager 

M i s s i o n  O p e r a t i o n s  System Yanager 

M i s s i o n  A n a l y s i s  and E n g i n e e r i n g  
Manager 

P r o j e c t  S c i e n t i s t  

P r o j e c t  C o n t r o l  and A d m i n i s t r a t i o n  
Manager 

T r a c k i n g  and Data  System Manager 

Deep Space Network Manager 

Chief  of  Miss ion  O p e r a t i o n s  

S p a c e c r a f t  Systems E n g i n e e r  

Lewis Resea rch  C e n t e r .  C leve land  

Bruce T .  Lundin C e n t e r  D i r e c t o r  

Seymour C .  Himmel D i r e c t o r  f o r  Rockets  and V e h i c l e s  

Edmund R .  J o n a s h  C h i e f ,  Launch V e h i c l e s  D i v i s i o n  

D a n i e l  J .  Shramo At la s -Cen tau r  P r o j e c t  Manager 

Edwin Muckley Cen tau r  P r o j e c t  E n g i n e e r  

Kennedy Space C e n t e r ,  F l o r i d a  

D r .  Kurt  H .  Debus C e n t e r  D i r e c t o r  

John J .  N e i l o n  D i r e c t o r ,  Unmanned Launch O p e r a t i o n s  (ULO) 

John D .  G o s s e t t  C h i e f ,  Cen tau r  O p e r a t i o n s  Branch,  ULO 

Donald C .  Sheppard C h i e f ,  S p a c e c r a f t  O p e r a t i o n s  Branch,  ITLO 

- more - 



MARINER MARS 1971  SUBCONTRACTORS 

F o l l o w i n g  i s  a l i s t  of some key s u b c o n t r a c t o r s  rslio 
p r o v i d e d  i n s t r u m e n t s ,  hardware  and s e r v i c e s  f o r  t h e  r ' i a r l ~ e r  
Mars 1 9 7 1  P r o j e c t :  

S p a c e c r a f t  E n g i n e e r i n g  Subsystem C o n t r a c t s  

L i t t o n  I n d u s t r i e s  
Woodland H i l l s ,  C A  

S a n t a  B a r b a r a  Resea rch  C e n t e r  
G o l e t a ,  C A  

E l e c t r o - O p t i c a l  Systems 
Pasadena ,  C A  

U n i v e r s i t y  o f  Colorado 
Bou lde r ,  C O  

Da ta  Automation L y s t e r  

I n f r a r e d  R a d ~ ~ o r n e t e r  

T e l e v i s i o n  

U l t r a v i o l e t  : ; g e c t r ~ r n c t e r  

R C A  S c i e n c e  Suppor t  Equipment 
Van Nuys, CA 

P h i l c o  - WDL 
P a l o  A l t o ,  C A  

M a r t i n  54a r i e t t a  
Denver ,  CO 

Moto ro la  
Phoenix ,  A Z  

Motoro la  
Phoenix ,  A Z  

Lockheed E l e c t r o n i c s  
P l a i n f i e l d ,  N J  

M o t o r o l a  
Phoenix ,  A Z  

Texas I n s t r u m e n t s  
D a l l a s ,  TX 

G e n e r a l  E l e c t r i c  
V a l l e y  F o r g e ,  PA 

Antenna Asserriblji 

P r o p u l s i o n  S y s 5 e ~  

Command Syst,ern 

Data  S t o r a g e  E i e  z t r o n i c s  

Data S t o r a g e  Tape 
T r a n s p o r t  

Ead io  

Telemetry  and I n f r a r e d  
I n t e r f e r o m e t e r  S p e c t r o m e t e r  

A t t i t u d e  C o r t r o l  and 
Scan C o n t r o l  E i e c ~ r c c i c s  


